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A pandemic in all but name 


The spread of the coronavirus beyond China is entering a critical new phase 


WILL the coronavirus outbreak become 
a pandemic? It is increasingly looking 
like it won’t—but only in name. At a press 
briefing on 25 February, the head of the 
World Health Organization (WHO), 
Tedros Ghebreyesus, expressed a 
reluctance to use the term until the 
covid-19 disease spreads more widely 
and causes more harm, in order, it 
seems, to prevent fear or panic. 

In fact, it looks like the WHO is no 
longer using any particular official 
criteria to trigger the use of the word 
pandemic, although it says it is still 
prepared to use the term when it sees fit. 

The decision seems like an odd 
one: to many infectious disease 
experts, the virus — which now has 
significant outbreaks in South Korea, 
Iran and Italy (see page 7) — has already 
reached pandemic levels. 
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Regardless of what we call it, we 
appear to be entering a new phase of 
the global outbreak. Efforts to restrict 
the covid-19 virus to China have failed, 
and in some countries the focus will 
have to turn towards mitigation rather 
than containment, as they try to slow the 


“The scenario in which the 
virus spreads worldwide 
and most of us encounter 
it is looking more likely” 


spread of the infection to stop hospitals 
all being overwhelmed at once. 

This means that the scenario in 
which the virus eventually spreads 
worldwide, and most of us encounter 
itis looking more likely. 

Ifthis happens, the virus will 
ultimately become like flu—a widely 
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circulating infection that most of us will 
eventually acquire some immunity to. 
But before then the human cost will be 
high, especially among the over 60s and 
people with some pre-existing medical 
conditions. Flu can already be deadly for 
these groups, but at least we have some 
previous immunity to flu strains, and 
vaccines are available each flu season 
for the most vulnerable among us. 
Right now, almost none ofus have 
immunity to this coronavirus and it will 
be many months before the vaccines 
against it currently in development 
can be proven both safe and effective. 
The more we can do to slow the 
virus, the more time we will buy 
ourselves to get prepared. As individuals, 
we should do everything we can to help 
authorities reduce the speed at which 
the infection spreads. ff 
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Coronavirus 


Covid-19 goes global 


Our chance to limit international outbreaks may be over as the virus 
spreads in Italy and the Middle East, reports Debora MacKenzie 


THE global spread of the covid-19 
virus seems to have exploded, 
with outbreaks discovered in 
Italy and the Middle East, and 
a surge in cases in South Korea. 
Tedros Adhanom Ghebreyesus, 
the director-general of the World 
Health Organization, has warned 
that “the window of opportunity 
we have for containing this virus 
is narrowing”. 


In fact, it may already have shut. 


On 21 February, epidemiologists 
said that we are failing to detect 
two-thirds of infected people 
travelling globally, “potentially 
resulting in multiple chains of as- 
yet undetected human-to-human 
transmission outside mainland 
China”. Some of those chains have 
now been detected, and many of 


these new cases can’t be traced 
to their source of infection. 

By 25 February, Iran had 
reported 95 cases. This may be 
an underestimate, as two people 
who flew from Iran to Canada and 
Lebanon have been found to be 
infected. Unless people who exit 
Iran by air are massively more 
likely to be infected than those 
who don’t, it would take 1600 to 
2400 cases in Iran to produce two 
infected travellers, says Gergely 
Rost at the University of Szeged, 
Hungary. That would be more 
than any official count so far in 
a country other than China. 

This is especially worrying, says 
Andy Tatem at the University of 
Southampton, UK, as broader 
travel records show Iran has 


“strong connections to countries 

with weaker health systems”, 

which might not detect or contain 

the virus. These include Iraq 

and Afghanistan, which reported 

their first cases the day after Iran. 
Some countries, such as 

Singapore, have detected most 

of the infected travellers 


“We are failing to detect 
two-thirds of people 
travelling globally who are 
infected with coronavirus” 


epidemiologists calculate they 
should be getting from China. 
Christ] Donnelly and her 
colleagues at Imperial College 
London have worked out how 
many infections Singapore 


Ants on acid 
Insects drink their 
own acid to prevent 
infection p16 


Soldiers in Milan, Italy, 
amid the country’s 
coronavirus outbreak 


detected per passenger flight, 
and found that other countries 
on average detected only a third 
as many. 

South Korea has declareda 
health “red alert”. Investigators 
haven't yet been able to determine 
the source of many of the 
country’s more than 900 known 
cases. On Tuesday, the UN granted 
the International Federation of 
Red Cross and Red Crescent 
Societies an exemption from 
sanctions on North Korea so 
it could help the country deal 
with covid-19. 

We also don’t know the 
source of many of the more than 
250 cases in northern Italy, and 
there are a handful of similarly 
untraceable cases in seven other 
countries. Until now, efforts to 
fight the virus have focused 
on containment, in which all 
detected cases and their contacts 
are quarantined. But when there 
is enough infection about, people 
catch it without it being obvious 
who they got it from. 

Once the virus spreads 
“in the community” this way, 
containment becomes impossible, 
as with seasonal flu. That is the 
“window” Tedros fears is closing. 

As containment fails, countries 
enter the “mitigation” phase 
of epidemic response, with 
quarantine replaced by actions 
such as closing schools and similar 
“social distancing” measures. This 
is aimed not at preventing the 
epidemic, but slowing it, so cases 
won't peak so fast that they 
overwhelm medical facilities. 

However, countries that don’t 
yet have community spread 
should fend it offby continuing 
containment, says the WHO. 
Globally, this approach could 
buy us more time to develop 
treatments and prepare countries 
with weak health infrastructure. I 
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Medical mind-reading 


Doctors are using brain scanners to ask patients who cannot speak 


about their treatment wishes, reveals Clare Wilson 


WHEN a person sustains a severe 
brain injury that leaves them 
unable to communicate, their 
families and doctors often have 
to make life-or-death decisions 
about their care for them. Now 
brain scanners are being tested 
in intensive care to see if mind- 
reading can enable some patients 
to have their say, New Scientist can 
exclusively reveal. 

At the moment, doctors ask 
the families of people who have 
a poor prognosis and cannot 
communicate if they think their 
relative would want to continue 
life-sustaining treatments such as 
being ona ventilator. “Life would 
be so much easier if you could just 
ask the person,” says Adrian Owen 
at the University of Western 
Ontario in Canada. 


“Following a severe brain 
injury, over a quarter 
of people have their 
treatment withdrawn” 


Owen’s team previously 
developed a brain-scanning 
approach for a much smaller 
group of people —-those in states 
between consciousness and being 
in acoma, for example those ina 
vegetative state. Such people show 
few signs of awareness and have to 
be fed through a tube. 

Owen found that some of these 
people can direct their thoughts 
in response to instructions, which 
can be picked up on brain scans. 

If someone is asked to imagine 
playing tennis, for instance, the 
part of their brain involved in 
movement lights up in the scan. 

This has let his and other teams 
ask those who are able to respond 
in this way yes/no questions, 
which can give people a say over 
their living conditions. About a 
fifth of people the technique is 
tried on can respond. 

Owen is now using the same 
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technique on people who are in 
intensive care in the first few days 
after sustaining a severe brain 
injury. In such circumstances, just 
over a quarter of people end up 
having their treatment withdrawn 
due to a poor prognosis. 

For example, in some cases 
doctors may predict that ifthe 
person survives, they would be 
paralysed and unable to speak. “A 
decision will typically be made in 
the first 10 days about whether to 
go on or pull the plug,” says Owen. 

His team has so far used brain 
scanning on about 20 such 
people in intensive care to try 
to communicate with them. 
Owen won't yet reveal how many 
responded to questions, nor 
whether he asked them if they 
wanted to live or die. 

But he says he has also made 
progress in developing a new brain 
imaging technique. The original 
method uses fMRI machines. 

To use them the person has to be 
taken to a separate room and put 
inside a scanner, and their tubes 
and equipment have to be 
changed to allow this to happen. 
“Tt’s really challenging and 
dangerous,” says Owen. 

The new approach uses 
functional near-infrared 
spectroscopy, which can be 


Temporarily locked in 


Brain-scanning techniques can 
also help people with temporary 
paralysis communicate. In 
Guillain-Barré syndrome, people 
may lose their ability to move 
and spend a few weeks immobile 
in intensive care, but they 
usually recover. 

Most people are sedated while 
they are “locked in", but a few 
ask to remain conscious. In three 
cases, at their doctors’ request, 


People in intensive care 
can be unable to say what 
treatment they want 


done at the bedside and requires 
only a headset. Although the 
method visualises only a small 
part ofthe brain, this is enough 
to let someone answer a yes/no 
question by imagining playing 
tennis to give the answer “yes”. 

In a paper published last week, 
Owen’s team showed this allowed 
volunteers without brain injury to 
accurately answer questions three- 
quarters of the time (Frontiers in 
Neuroscience, doi.org/dncs). The 
team has also used it successfully 
to speak to people with a condition 


Adrian Owen at the University 
of Western Ontario in Canada 
has used brain scanning to talk 
with the person while they were 
paralysed, to check they wanted 
to remain unsedated. 

“It takes 5 minutes to get 
absolute confidence in their 
response to each question,” 
he says. “But there is no other 
way to communicate with 
these patients.” 


> 
“ 


, 


that causes complete paralysis (see 
“Temporarily locked in”, below). 

As well as conveying 
information about a person’s 
wishes, bedside mind-reading 
may also be useful for shedding 
light on their prognosis. Among 
people in a vegetative state, those 
who can respond to instructions 
ina brain scanner are more likely 
to recover, says Owen. 


Continued treatment 


He believes the technique is 
more likely to lead to ventilator 
treatment being continued than 
stopped. “Negative findings are 
hard to interpret,” he says. 
“Positive findings are easier.” 
“This is potentially exciting but 
Iwouldn’t want people to get their 
hopes up because this might only 
be applicable to a very small group 
of people,” says Paul Dean of the 
UK’s Intensive Care Society. 
If doctors are able to 
communicate with people in 
this way, they would have to be 
confident the patient had the 
legal mental capacity to make 
life or death decisions, says Jenny 
Kitzinger at Cardiff University, 
UK. “Have they understood the 
question, have they understood 
the diagnosis?” # 
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Climate change 


Seeds deposited in upgraded 
Arctic doomsday vault 


Adam Vaughan, Svalbard 


HUNDREDS of plant species 
around the world have been 
backed up at a “doomsday vault” 
in Svalbard, Norway, in the first 
big deposit to the Arctic facility 
since an upgrade to future-proof 
it against climate change. 

The seeds of onions from Brazil, 
guar beans from central Asia and 
wildflowers from a meadow at 
Prince Charles’s home in the UK 
are among the species being 
safeguarded at the Svalbard Global 
Seed Vault, housed ina mountain 
cavern about 1200 kilometres 
from the North Pole. Around 
60,000 new seed samples have 
been added, taking the total to 
more than a million. 

Norwegian prime minister 
Erna Solberg attended the mass 
deposit, the single biggest since 
the opening of the facility in 2008. 
“The deposit event is especially 
timely”, she said, because this 
is the year by which countries 
should have safeguarded the 
genetic diversity of crops to 
meet the United Nations goal 
of eliminating hunger by 2030. 

The vault is designed as the 
ultimate insurance policy for 


SVALBARD GLOBAL SEED VAULT/RICCARDO GANGALE 


smaller seed banks around 
the world if they are affected by 
extreme weather, conflict, fire and 
other events. The first withdrawal 
from the bank took place in 2015, 
to help conservationists who lost 
access to a major seed bank in 
Aleppo in the Syrian civil war. 
However, the resilience of 
the vault itselfhas recently 
come under the spotlight. The 
permafrost on Spitsbergen, the 
island where the bank is located, 
means the seeds should stay 
frozen even if the bank’s cooling 
system fails. Yet in October 2016, 


the entrance tunnel to the facility 
was flooded by heavy rainfall and 
melting permafrost. 

While the vault itself was 
untouched, the Arctic experienced 


record heat that year and scientists 


say this was almost certainly due 
to human-made climate change. 
The latest deposit marks the 
first time the vault has opened 
its doors to new seeds since a 
€20 million upgrade, including 


Svalbard is cold enough to 
keep seeds in the vault safe 
in the event of a disaster 


a new waterproofed access tunnel. 
Seed collectors from 36 banks 
around the world have deposited 
samples in this contribution. 
Among the seeds that made the 
3-hour flight from Oslo are some 
from the Cherokee Nation, the 
first US Native American 
tribe to deposit seeds at the vault. 
The UK’s Kew Gardens added 
27 wild plants from Prince Charles’s 
residence in Gloucestershire, 
while the ICRISAT seed bank in 
India deposited more than 2800 
samples, adding to the more than 
110,000 it has already stored. 
Others like the Julius Kuhn 
Institute in Germany have 
brought their first seeds, including 
the European crab apple (Malus 
sylvestris), a wild relative of 
domesticated apples. Seed banks 
in Morocco and South Korea have 
also made their first deliveries. 
The vault still has plenty 
of space, as it has capacity for 
around 4.5 million samples. But 
Hannes Dempewolfat the Crop 
Trust, one of the partners that 
runs the vault, says that numbers 
alone aren’t as important as 
prioritising unique species. ff 


Astronomy 


Aplanet may have 
been stolen from 
our solar system 


THE universe is a dangerous place. 
An analysis has revealed that stars 
can steal planets from each other 
in high-speed fly-bys, something 
that may even have happened in 
our own solar system. 

Our knowledge of how planets 
form was developed by looking out 
at our own cosmic neighbourhood, 
but it can’t account for some of the 
other star systems we have found, 
such as Jupiter-like planets orbiting 


extremely close to low-mass stars, 
says Rosalba Perna at Stony Brook 
University in New York. 

Perna and her team used 
computer simulations to investigate 
what happens when neighbouring 
stars have a close encounter. They 
found that fly-bys inside dense 
clusters of stars wreak havoc on 
planetary systems, destroying, 
ejecting or even stealing planets 
away from their hosts about once 
every billion years per system 
(arxiv.org/abs/2002.05727). 

That may not sound like much, 
but multiplied by the huge number 
of stars in a cluster, it becomes a 


frequent occurrence. This could 
explain some of the strange 
exoplanets we have discovered, 
because gas giants like Jupiter 
might be born around sun-like stars 
but later seized during encounters 
with incoming low-mass stars 
(arxiv.org/abs/2002.08366). 

The work could also have 
relevance closer to home. The 
solar system formed among a dense 
cluster of about 2000 other stars 


“It's absolutely possible 


that the solar system 
had, at some point, more 
planets or fewer planets” 


over millions of years. That means 
there could have been an additional 
planet ripped away from the sun 
during its early years. 

“It's absolutely possible that the 
solar system had, at some point, 
more planets or fewer planets, but 
it’s something we just have no way 
to know any more,’ says Perna. 

It is definitely possible that our sun 
has pilfered a planet, says Eric Ford 
at Pennsylvania State University. 
“Another system may have swapped 
a planet into our own, a yet 
undiscovered planet in the far 
reaches of our solar system.” ff 
Yaz Ashmawi 
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We really can control the 
weather but it isn’t very useful 


Michael Marshall 


WE HAVE the strongest 

evidence to date that cloud 
seeding — spraying clouds with 
powder -can cause more snow 

to fall. However, the problem is 
making it work reliably. Not every 
cloud can be seeded and we don’t 
know why. It also isn’t clear when 
it would be cost effective. 

The technique has been used 
since the 1940s, says Sarah 
Tessendorf of the National Center 
for Atmospheric Research in 
Boulder, Colorado. In theory, it 
should make more rain or snow. 

It usually involves spraying a 
powder, normally silver iodide, 
into clouds. Each tiny particle acts 
as a seed for an ice crystal to grow 
around it and fall as precipitation. 

However, despite decades of 
research it has been hard to show 
that the method works. Tests have 
compared what happens to clouds 
that are seeded with those that 
aren't, but it hasn’t been possible 


to get a large enough sample size 
to control for natural factors. “The 
weather'’s... variable, it changes all 
the time, it’s very complicated,” 
says Tessendorf. 

That has now changed, thanks 
to a project called SNOWIE 
(Seeded Natural and Orographic 
Wintertime clouds — the Idaho 
Experiment). On 20 days in 
January 2017, Tessendorf and her 
colleagues seeded orographic 
clouds, which form when air is 
forced up over mountains. They 
sprayed silver iodide from an 
aeroplane flying in a zigzag to 
create a pattern in the sky. 

The team used radar to look for 
the seeding pattern in the clouds, 
with mobile radars on ridges to 
scan for subsequent snowfall in 
places where normal weather 
radar couldn’t reach. On three 
days, the team found evidence of 
snowfall resulting from seeding. 
On the ground, this amounted to 


alight dusting of snow between 
0.05 and 0.3 millimetres deep. 
Crucially, the team has 
estimated the total volume of 
water produced on those three 
occasions. On 31 January, the most 
successful day, snow equivalent 
to 340,000 cubic metres of water 


282 


Olympic-sized swimming pools of 
water produced by cloud seeding 


was released from the clouds. 

The least successful was 19 January, 
when snow equivalent to 

123,000 m# of water was produced 
(PNAS, doi.org/dnds5). 

In total, the three successful 
days produced about 282 Olympic- 
sized swimming pools worth of 
water, the team say. 

“We now have scientific 
evidence that seeding of 
orographic clouds can increase 


precipitation,” says Andrea 
Flossmann at the University of 
Clermont Auvergne in Clermont- 
Ferrand, France. “The increase is, 
however, below 10 per cent [of 
what would occur naturally].” 
Tessendorf agrees that there 
are still challenges, but they 
could only demonstrate the 
effect on three days when there 
was no natural precipitation. “In 
cases where there’s background 
precipitation forming, it’s much 
more complicated,” she says. 
Worse still, clouds vary. 
“The same cloud over the same 
watershed might have some 
areas ofit that are seedable and 
others that might not be,” says 
Tessendorf. In particular, seeding 
only works when water droplets 
are “supercooled”, meaning they 
are still liquid below 0°C. All this 
suggests that cloud seeding may 
not bea cost-effective way to 
increase water supply. I 


Animal navigation 


Sun in magnetic 
‘eyes’ could lead 
whales astray 


A STUDY of nearly 200 strandings 
of healthy gray whales over the past 
30 years has found that the animals 
are four times more likely to strand 
themselves during solar storms. 

Jesse Granger at Duke University 
in North Carolina and her colleagues 
think that radio frequency noise 
made by the storms interferes with 
the magnetic compass of whales, 
preventing them from sensing 
direction. But her team has only 
shown a correlation between the 
two events, Granger stresses. “This 
is not direct evidence,” she says. 

We know little about how whales 
navigate in featureless oceans 
during their long migrations. Like 
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many other animals, itis likely that 
they sense magnetic fields, but this 
is difficult to demonstrate. 

To investigate, Granger and her 
team looked at 186 instances 
where individual gray whales with 
no signs of any injury or interaction 


with people had become stranded, 
presumably due to navigational 
errors. Strandings were twice as 
likely on days with more sunspots 
(Current Biology, doi.org/dnd4). 
Sunspots are associated with 
solar magnetic storms that can 


Gray whales (Eschrichtius 
robustus) strand on days 
with more sunspots 


affect Earth’s magnetic field and 
make magnetic compasses point 
in the wrong direction. But the 
team found no link between 
deviations in Earth's magnetic 
field and strandings. 

However, strandings were four 
times more likely on days when 
high levels of radio frequency 
noise due to solar activity had 
been measured. This fits in with the 
idea that a protein in animals’ eyes 
called cryptochrome is involved in 
sensing magnetic fields. If so, the 
mechanism thought to be involved 
would be disrupted by radio 
frequency noise, effectively blinding 
animals to magnetic fields. I 
Michael Le Page 


Wildfires 


Australian fires 
burned arecord 
amount of forest 


Adam Vaughan 


RECENT wildfires in Australia have 
burned an area of forest unmatched 
anywhere else in the world, 
according to the most authoritative 
analysis yet of the devastation. 

By early January, the fires had 
swept through around 5.8 million 
hectares of forest in the states of 
New South Wales and Victoria, 
including the biggest ever single 
bush fire, which affected more than 
500,000 hectares near Sydney. 

Matthias Boer at Western 
Sydney University and an 
international team found that the 
extreme fires burned around 21 per 
cent of the forest biome in eastern 
Australia between September 
2019 and 13 January 2020 
(Nature, doi.org/dnd6). 

Over the past two decades, losses 
to fire in this area usually amounted 
to less than 2 per cent a year, says 
Boer. The extent of the recent fires 
also eclipsed the proportions of 
continental forest biome burned 
annually anywhere in the world 
over the same period, most of 
which were well below 5 per cent. 

"This percentage of burning in 
forests is unprecedented nationally 
and globally,” says Boer. 

A fifth of eastern Australia’s 
forest being burned is probably 
an underestimate, as the analysis 
doesn’t cover the entire fire season 
or include Tasmania, which was hit 
by fire after the study’s cut-off date. 


“The proportion of forest 
burned in Australia’s bush 
fires eclipses that of blazes 
anywhere in the world” 


Most of the affected forests are 
dominated by eucalyptus trees, 
which are excellent at surviving fire, 
but losing such a large proportion 
of the forest isn’t sustainable, says 
Boer. Animals also face “significant 
consequences", he adds, because 
the huge areas burned may increase 
the distance to their food sources. I 


Space exploration 


InSight into Mars mysteries 


NASA's latest mission to the Red Planet has made a host 
of discoveries, says Leah Crane 


DEEP under its surface, Mars 

is quaking. The team behind 
NASA‘s InSight lander, which 
reached the Martian surface in 
November 2018, has released 
the data from its first 10 months 
on the planet. Here are some of 
the mission’s most fascinating 
discoveries so far (Nature 
Geoscience, doi.org/dnd3). 


1 Big marsquakes 


InSight’s main goal is to 
measure marsquakes, which 
can be caused by underground 
seismic activity or objects 
hitting the planet’s surface. So 
far, it has detected 24 relatively 
major quakes of magnitudes 
between 3 and 4. 

These marsquakes occurred 
deeper underground than most 
earthquakes, said team member 
Philippe Lognonné at the 
University of Paris during a 
press call. This means that even 
though they are by no means 
puny, they would probably be 
barely noticeable if you were 
standing on the surface of Mars. 

Two of the quakes occurred 
near an area called Cerberus 
Fossae, where the fractured 
ground indicates there was 
volcanic activity within the 
past 10 million years or so. 

This seismic shaking could 
come from the remains of that 
volcanism, said Sue Smrekar 
at NASAs Jet Propulsion 
Laboratory (JPL) in California, 
also an InSight team member. 

The lander has yet to detect 
any truly powerful quakes, 
though. “The larger quakes 
at this point seem to be less 
frequent than we had expected,” 
said Bruce Banerdt at JPL, the 
mission’s principal investigator. 


2 Little marsquakes 


The rest of the 174 quakes 
discovered during InSight’s first 


The lander’s seismometer 
is housed in its copper- 
coloured dome 


10 months were relatively small, 
making it harder to figure out 
exactly where they occurred and 
what caused them. Since then, 
the lander has spotted further 
small marsquakes that weren't 
included in this data release. 


3 Water 


The way in which seismic waves 
propagate through the ground 
depends on its structure and 
how hydrated it is, so the 
quakes are telling us about the 
distribution of water on Mars. 
The top layers of crust seem to 
contain minerals with water in 
them, said Banerdt. 

The crust is drier than Earth’s, 
but significantly damper than 
the moon’s. If InSight detects 
larger marsquakes from deeper 
down, they should tell us more 
about where to find water. 


4 Magnetic fields 


Mars doesn’t have a constant 
magnetic field like Earth’s, 
although it probably did billions 
of years ago. Instead, it has small 
areas of magnetic fields caused 
by rocks that have maintained 


their magnetisation over the 
millennia. We have measured 


some of those fields from 
satellites, but InSight has 
the first magnetometer ever 
placed on the Martian surface. 
“We unexpectedly see that 
there’s a steady field that’s 
about 10 times stronger than 
that predicted from satellite 
observations, and that means 
that there are magnetised 
rocks at InSight’s landing site,” 
said Catherine Johnson at the 
University of British Columbia 
in Canada, another InSight 
team member. These rocks are 
probably deep underground. 


5 Dust devils 


The surface of Mars is covered 
in more dust devils — mini- 
tornadoes that loft particles 
into the air—than we thought. 

So far, InSight has detected 
more than 10,000 spinning 
vortices passing over its 
pressure sensors, said 
Lognonné. Despite that, it hasn’t 
taken a single photo of a dust 
devil, which is surprising. 

That may be because the 
vortices are simply not strong 
enough to carry much dust, 
but it isn’t clear why that would 
be the case. 
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News 


Robotics 


Automation boosts 
productivity at the 
cost of jobs 


Donna Lu 


ROBOTS are replacing human 
manufacturing workers in France, 
and making companies more 
productive in the process. 

Daron Acemoglu at the 
Massachusetts Institute of 
Technology and his colleagues 
analysed more than 55,000 French 
manufacturing firms, noting which 
bought robots between 2010 and 
2015 and what impacts this had. 

"There is obviously increasing 
concern about what automation 
means for productivity, for jobs, 
for inequality,” says Acemoglu. 

The team found that a 20 per 
cent increase in robot use across 
the manufacturing industry was 
associated with a 3.2 per cent 
industry-wide drop in employment. 

Compiling data from robot 
suppliers, records of robot imports 
and the French Directorate General 
for Enterprise, the team found that 
only around 1 per cent of firms 
purchased robots (National Bureau 
of Economic Research, nber.org/ 
papers/w26738). But these 589 
companies were large, accounting 
for a fifth of total employment in 
the French manufacturing industry. 

The firms that used robots 
increased their value by an average 
of 20 per cent. As a result, these 
firms increased their overall 
employment, but employed fewer 
production workers, instead hiring 
people in other areas such as sales. 

“The sales of these firms increase 
more than their labour share 
declines,” says Acemoglu. 

However, the growth of these 
firms came at the expense of other 
manufacturing companies that 
didn’t use robots. The team found 
that employment in competitor 
firms declined, because other firms 
were disadvantaged by the reduced 


costs made possible by automation. 


“We find that the contraction 
effect is always bigger, so overall 
there is a decline in industry 
employment,’ says Acemoglu. # 
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Analysis Conservation 


Keep raising money for pandas A long-running debate on 
how to best channel conservation efforts may finally be settled, 


says Adam Vaughan 


CONSERVATIONISTS have long 
known that using pandas, tigers 
and other charismatic species to 
front their campaigns is a good 
way to raise money. But some 
have argued that focusing on 
these “flagship” animals can 
neglect equally threatened but less 
cuddly ones, such as pangolins. 

Now Jennifer McGowan at 
Macquarie University in Sydney 
and her colleagues suggest that we 
can have it both ways, after finding 
that funding for flagship species 
also helps other threatened 
species in the surrounding areas. 

McGowan was contacted by 
a US charity called WildArk, 
which wanted its fundraising to 
be backed by robust science on 
the ecological impact of helping 
certain species. 

To find the best approach, 
McGowan's team first drew up 
alist of 534 flagship species in 
wildlife-rich hotspots around the 
world, from golden-snub nosed 
monkeys to giant armadillos. 
The biodiversity hotspots were 
each split into grids of 100 by 
100 kilometre squares. The 
researchers then compared two 
conservation approaches across 


eight simulated scenarios which 
assumed different levels of human 
activity and protected areas. 

The first focused on protecting 
flagship species, while the second 
aimed to protect the maximum 
number of species in an area, 
regardless of their fundraising 
potential. The researchers found 
that targeting grid squares with 
flagship species also protected 
79 to 89 per cent of the 
non-flagship species in that area. 


$100bn 


Potential cost of meeting 
global biodiversity targets 


The figure rose to 97 per cent 
in some scenarios. In other words, 
most of the potentially less cute 
species benefit too (Nature 
Communications, doi.org/dncm). 

The findings could help when 
choosing which species to 
promote, says McGowan. 
“Flagship species are very effective 
at getting the public to care. But 
we can also select flagship species 
in amore rigorous way, using both 
the head and the heart,” she says. 

Meeting international 


Giant pandas are no 
longer endangered, 
but other species are 


biodiversity targets, due to be 
discussed in China this October, 
could cost up to $100 billiona 
year, SO knowing how best to use 
flagship animals will become 
increasingly important. 

Morgan Trimble, the author of 
a paper that found scientists also 
have a bias towards charismatic 
megafauna, says the results 
don’t surprise her, given there is 
no shortage of amazing species 
spread across the world. 

“While | think it’s important 
that we don't lose sight of the 
bigger picture — that conserving 
species is about conserving all the 
component parts of ecosystems, 
even the not-so-cute species — | 
think highlighting flagship species 
in fundraising and education is 
a practical idea and appeals to 
human nature,” she says. 

Trimble also asks what the 
alternative to using flagship species 
would be: randomly picking 
species? McGowan's study found 
a random approach to choosing 
where to spend conservation 
funds only protected 39 to 55 per 
cent of the non-flagship species. 

Mike Hoffmann at the 
Zoological Society of London says 
McGowan’ results are promising 
and help our understanding of 
whether fundraising with flagship 
species leads to money being 
spent in the most important places. 

Craig Hilton-Taylor at the IUCN 
Red List, which tracks threatened 
species, says the analysis is 
useful and offers another tool 
for conservationists to decide 
which species to prioritise. 

The research is heavily based 
on animals, he says, and may 
not capture what happens with 
invertebrates and plants. “That 
has to be tested,” he says. ff 
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News 


Astronomy 


Wobbly star may be radio burst culprit 


Mysterious signals from space could come from a spinning star 


Leah Crane 


THE strangest fast radio burst 
(FRB) yet is helping us to narrow 
down the possible causes of these 
powerful blasts of radio waves 
from space. The unusual patterns 
we see in its light suggest it may 
come from a wobbly neutron star. 

FRBs generally last only a few 
milliseconds, but some of them 
repeat. We don’t know what 
causes them, although black holes, 
strange quark stars and alien 
spaceships have all been put 
forward as explanations. 

Sorting it out has been made 
harder because the timing of 
the repeating FRBs has seemed 
random, and many potential 
sources of repeating blasts should 
result in predictable patterns. 

In February, the Canadian 
Hydrogen Intensity Mapping 
Experiment (CHIME) found sucha 
pattern in a repeating FRB’s flashes 
for the first time: the bursts arrive 
in four-day windows, followed by 
about 12 days without bursts and 
then another window of activity. 

That regularity is a clue in the 
hunt for FRB sources. Several 
research groups suggest that these 
patterns could be caused by the 


Palaeontology 


99-million-year-old 
cockroach is earliest 
cave-dweller 


ACOCKROACH preserved in amber 
is the earliest cave-dwelling animal 
identified from the dinosaur era. 
The specimen was found in 
the Hukawng Valley in Myanmar. 
The rocks where it was discovered 
are 99 million years old, midway 
through the Cretaceous period, 
when the last dinosaurs lived. 
This new Cretaceous cockroach 
has been dubbed Mulleriblattina 
bowangi by a team led by Peter 
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wobble ofa highly magnetised 
neutron star called a magnetar. 
Magnetars emit powerful 
beams of light, which we could 
detect as FRBs when they reach 
Earth. However, they spin so 
quickly that we would expect 
to see a period of bursts every 
few seconds rather than over 
a period of weeks. 
To find out ifa magnetar could 
produce what we see, Yuri Levin at 


Light beams from 
magnetars could be 
behind odd radio signals 


VrSansky at the Slovak Academy 
of Sciences in Bratislava. 

“It's clearly a cave inhabitant,’ 
says Vrsansky. It is pale white, 
having lost its pigments, and its 
eyes and wings are drastically 
reduced. It has particularly long 
antennae, which presumably helped 
it navigate in the dark (Gondwana 
Research, doi.org/dm65). 

The insect is also missing leg 
spines. “All cockroaches have spines 
because it’s passive protection 
against predators,” he says. “These 
don't have these spines, because 
in caves there is no threat.” 

It is strange that a cave-dwelling 


Columbia University in New York 
and his colleagues — and several 
other groups of researchers — 
suggested a wobble in its spin 
(arxiv.org/abs/2002.04595). 

“If you throw a body into the 
air and set its initial spin around 
some random direction, if the 
body is not too symmetric you 
will observe it tumble,” says Levin. 

Magnetars aren't perfectly 
spherical, but are deformed by 
their fast spins and powerful 
magnetic fields, so they may rotate 
with a slight wobble, like a spinning 
top on an uneven surface. The 


organism became trapped in amber, 
which comes from tree sap. It may 
have wandered close to the cave 
entrance and come into contact with 
amber from trees growing nearby, 
says VrSansky. 

No other cave-dwelling animal, 
of any kind, can be confidently 
attributed to the dinosaur era 
or earlier, he says. 

VrSansky’s team reconstructed 
the family tree of Nocticolidae, 


“No other cave-dwelling 


animal of any kind can 
confidently be attributed 
to the dinosaur era” 


wobble could also come from 
the gravitational effects ofa 
companion orbiting the magnetar, 
suggest Huan Yang at the Perimeter 
Institute in Canada and Yuan- 
Chuan Zou at Huazhong University 
of Science and Technology (arxiv. 
org/abs/2002.02553). 
Both mechanisms would 
cause a magnetar’s emitted light 
beam to trace a circle through 
the sky. Ifthe circle takes 16 days 
to complete, the pattern would 
match what CHIME observed: four 
days in which we can see the beam, 
and then 12 days as it circles back. 
“I think all of these models 
make predictions that will be 
testable, if not in the next month, 
within the year,” says Levin. 
“This is aspectacular source, 
and as long as it keeps providing 
bursts and doesn’t turn off for 
some reason, everything about it 
will be extremely well-measured.” 
Ifthis FRB comes froma 
magnetar, maybe the rest of them 
do too: magnetars that turn off 
and on could cause repeating FRBs 
that appear not to have patterns in 
their signals, as well as FRBs that 
don’t appear to repeat, says Yang. ff 


the cockroach family to which M. 
bowangi belongs. They found that 
when Nocticolidae lineages entered 
caves, they began evolving rapidly. 

“In avery short time, their 
evolution becomes very rapid and 
very strange, because bizarre and 
strange forms originate,” he says. 

However, the family tree suggests 
these cave-dwelling lineages 
tended to die out relatively quickly, 
within about 30 million years. It is 
unclear why, he says, but it could 
have been that isolation led to 
inbreeding or a lack of viruses 
bringing in new genetic material. ff 
Michael Marshall 


Technology 


Alcan scour globe 
instantly to pinpoint 
just about anything 


Donna Lu 


ARTIFICIAL intelligence that 

hunts through billions of aerial and 
satellite images can find buildings 
or land features that are alike in 
one-tenth of a second. This could 
help researchers identify where 
forests or farms are, or could be 
used by the military to find bases or 
specific weapons in other countries. 

Xander Rudelis and his colleagues 
at Descartes Labs, a geospatial 
data firm in New Mexico, developed 
the tool, which can identify similar 
places around the world when given 
a certain feature - for example, 

a power plant, forest or car park. 

Rudelis says it could be given 
very specific tasks. “Can you find 
every anti-aircraft gun in North 
Korea — questions like that.” 

To create the Al, the team 
customised one that was already 
trained to classify features in 
photographs, such as plants, 
animals and vehicles. They trained 
it using the US National Agriculture 
Imagery Program database - which 
contains 2 billion aerial images 
from 48 US states - as well as 
images from around the world 
captured by Landsat 8,a US 
Earth-observation satellite. 

The Al uses 512 visual cues, 
including shapes and colours, to 
find similar scenes, such as rows 
of boats that indicate a marina. 

For 10 types of feature, the 
average number of correct matches 
in the top 30 listed by the Al was 
86 per cent. This varied from 36 per 
cent for planes to 100 per cent for 
storage tanks and rail yards (arxiv. 
org/abs/2002.02624). A version 
of the Al is online for public use. 

Sergey Mushinskiy, a data 
scientist in Minsk, Belarus, says 
the tool could be used to track 
the effects of climate change on 
landscapes or to find certain natural 
features, such as forest or rock 
types, he says. But military-type 
applications would require further 
refinement of the tool, he says. ff 
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Gene editing 


Kill switch could make cells 
self-destruct if they go rogue 


Michael Le Page 


A GENETIC tweak can make cells 
destroy themselves in the face 
of CRISPR gene editing, a trick 
with a variety of possible uses. 
CRISPR can be used to easily 
introduce changes to the DNA 
of living cells. It is a useful 
technique, but it would be 
handy to be able to make some 
cells CRISPR-resistant. For 
example, there is interest in 
storing information in DNA 
inside cells, and rendering 
some of them uneditable by 
CRISPR could enable us to make 
“read-only” reference copies. 
Cells that self-destruct in 
response to CRISPR could 
also be a useful brake for 
CRISPR-based gene drives — 
a technique that can rapidly 
spread harmful mutations, 
for example, to control a pest 
organism. Gene drives could 
be useful, but there are fears 
that the uncontrolled spread 
of mutations could have 
dangerous consequences. 
Making some organisms 
self-destruct if they go on to 
encounter CRISPR could help 
control the spread of gene 
drives in the wild, says George 
Church at Harvard University. 
To make human cells 


CRISPR-proof, Church and his 
colleagues have exploited a 
genetic parasite that makes 
up around 17 per cent of our 
genome. Called LINE-1, this 

is a stretch of DNA that does 
nothing but make copies of 
itself. Our DNA contains tens 
of thousands of copies of it. 


“Making some organisms 


self-destruct could help 
control the spread of 
gene drives” 


Standard CRISPR gene 


editing involves a protein called 


Cas9, which is given a guide 
RNA to find a specific DNA 
target sequence and then 
cuts the DNA at that site. Cells 
can repair a few DNA cuts, 
but if hundreds are made at 
the same time, their repair 
systems are overwhelmed 
and the cells self-destruct. 

By engineering human 
cells in a dish to produce a 
guide RNA that targets LINE-1 
DNA sequences, the team has 
made cells that die within days 
if anyone tries to edit them 
using the Cas9 protein. 

The team then took this 
a step further, to create a 


Agenetic kill switch 
could one day help 
control mosquitoes 


safety switch for cell therapies. 

Genetically engineered 
immune cells are starting to be 
used to treat cancer, but they 
can trigger a deadly response 
called a cytokine storm. There 
are also worries that the 
immune cells themselves 
could turn cancerous. 

But it should be possible to 
put a kill switch into these cells. 
To do this, the team gave some 
human cells a gene to make the 
LINE-1 guide RNA, plus a gene 
for the Cas9 protein itself. 
However, this Cas9 gene had a 
regulatory sequence that meant 
it could become active only in 
the presence of an antibiotic. 
When this was added to such 
cells in a dish, more than 
99.9 per cent of them died 
within nine days (bioRxiv, 
doi.org/dm6ét). 

Introducing this mechanism 
to immune cells before infusing 
them into a patient could give 
doctors a way to shut down 
any gene-edited cell therapy 
in the event ofa cytokine storm 
or the cells turning cancerous. 
“Tt could stop cell therapies 
that develop troublesome 
properties,” says Church. 

While there are already 
several other methods for 
creating cell safety switches, the 
researchers say theirs is better. 

Kevin Esvelt at the 
Massachusetts Institute of 
Technology isn’t convinced 
the team’s switch would be 
much use for containing gene 
drives released accidentally or 
as bioweapons. 

The best way to counter a 
gene drive is to release another 
gene drive that reverses the 
first one, he says. 8 
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Analysis Batteries 
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Can electric cars kick the cobalt habit? The mineral is a key component 
of batteries used in electric vehicles, but we may run out within a decade. 
It would be better to stop using it altogether, says Donna Lu 


ELECTRIC cars are getting cheaper 
and their sales are on the rise, but 
their future success may depend 
on ditching a key ingredient: the 
heavy metal cobalt. 

The mineral is used in the 
lithium-ion batteries that power 
most electric cars, and demand for it 
is steadily increasing. A new analysis 
by Elsa Olivetti at the Massachusetts 
Institute of Technology and her 
colleagues has found that there 
may be cobalt shortages if we don’t 
start refining and recycling it more 
efficiently or in greater quantities. 

They estimate that global demand 
for cobalt will rise to between 
235,000 and 430,000 tonnes 
by 2030 - an amount that is 
at least 1.6 times the world's 
current capacity to refine the 
metal, as of 2016 figures 
(Environmental Science & 
Technology, doi.org/dm6b). 

About half of all cobalt goes 
to make lithium-ion batteries for 
electric cars and other consumer 
electronics. Demand for these 
batteries is projected to more than 
quadruple over the next decade. 

Cobalt is often produced as 
a by-product of copper or nickel 
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Most of the world’s cobalt 
is mined in the Democratic 
Republic of the Congo 


mining. It is expensive, at around 
$33,000 per tonne, and also 
comes with a human cost. Most 

of the world’s supply — 6O per 
cent — comes from the Democratic 
Republic of the Congo, where 
mining has been linked to child 
labour and deaths. 

The new analysis suggests 
short-term cobalt supply is 
adequate, but that more mining 
exploration, such as in the ocean, 


is required. In addition, we will 
need to ramp up cobalt recycling 
by recovering it from batteries in 
redundant electric cars, laptops 
and mobile phones. 

Another option is to shift to 
batteries that use less cobalt, or none 
at all. Elon Musk’s car firm Tesla is in 
talks with battery manufacturer CATL 
to use entirely cobalt-free batteries 
in its China-made cars, according 
to areport last week by Reuters. 

Lithium-ion batteries in electric 
cars commonly use either lithium 
nickel cobalt aluminium oxide or 
lithium nickel manganese cobalt 


oxide for their ability to provide a long 
lifespan and high energy density - a 
key factor in how far an electric car 
can go ona single charge. 

For short-range cars made 
and sold in China, Reuters says 
Tesla will instead use lithium iron 
phosphate batteries, which are 
much cheaper and have less of an 
environmental impact compared 
with those needing cobalt. 

The disadvantage is that they 
tend to have a lower energy density, 
reducing how far a car can travel 
without needing to be charged. 

Industry analysts such as Simon 
Moores at Benchmark Mineral 
Intelligence in London have 
suggested that the move is unlikely 
to be replicated outside China, saying 
itis driven more by a desire to reduce 
production costs in China than to 
phase out cobalt. 

Lithium iron phosphate batteries 
are already widely used by other 
Chinese firms, including BYD, 
the world’s biggest electric car 
manufacturer. If other electric 
car manufacturers follow 
internationally, we may be able 
to reduce our dependence ona 
dwindling mineral resource. # 


Entomology 


Acid spray helps 
ants keep their 
food disease-free 


A NUMBER of ant species produce 
acid in a poison gland in their 
abdomen to spray at enemies. 
Now it turns out that they also drink 
the acid to kill pathogens in their 
food. Because these ants often 
vomit up food to feed their 
co-workers, this helps prevent 
diseases spreading in colonies. 
Unlike vertebrates, insects 
don't usually have highly acidic 
substances in their stomachs. 
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Simon Tragust at the University 
of Bayreuth in Germany and his 
colleagues have found that species 
such as the Florida carpenter ant 
(Camponotus floridanus) increase 
the acidity level inside their 
stomachs by swallowing acid after 
eating. If ants were prevented from 
bending round to reach their poison 
glands, acidity levels were lower. 
Next, the team fed ants food 
contaminated with a bacterium that 
can cause lethal infections. Ants 
that were prevented from drinking 
their acid were less likely to survive. 
Finally, the team looked at how 
likely the disease was to be passed 


on when ants fed other ants via 
regurgitation, as is common in these 
species. The poison glands of the 
ants being fed were blocked with 
superglue. If the glands of the ants 
doing the feeding were blocked as 
well, more of the ants they fed died. 

The results show that drinking 
acid plays a major role in protecting 
these ants from dangerous microbes 
and preventing infections spreading 
(bioRxiv, doi.org/dm59). 


“Ants often vomit up food to 
feed their co-workers, so 
drinking acid helps prevent 
diseases spreading” 


“There is a clear benefit from 
this phenomenon,’ says Liselotte 
Sundstrém at the University of 
Helsinki, Finland, who in 2015 
reported that ants self-medicate to 
fight off fungal infections. However, 
it isn’t clear whether the ants 
actively drink from the gland or 
whether it happens accidentally as 
they groom themselves, she says. 

Tragust’s finding isn’t the only 
example of ants using acid as 
medication. When tawny crazy ants 
are sprayed with the venom of fire 
ants, they apply acid to their bodies 
to detoxify the venom. I 
Michael Le Page 
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News In brief 


Electric cars 


Alfinds best way 
to charge batteries 


ARTIFICIAL intelligence could help 
to create longer-lasting electric 
car batteries that charge faster. 

William Chueh at Stanford 
University in California and his 
colleagues have developed an AI 
that optimises recharging while 
also maximising battery lifespan. 

There are many ways to 
recharge, says Chueh. Standard 
electric vehicle (EV) batteries tend 
to be recharged fast at first, and 
then more slowly, for example. 

How a battery is recharged is 
crucial because a sub-optimal 
charging pattern has the potential 
to significantly reduce battery 
lifetime, but reducing charging 
time is also important. 

While a petrol car takes only a 
few minutes to refuel, electric cars 
can take between 45 minutes and 
2 hours to fully charge. Reducing 
this time would help improve the 
driving experience for people who 
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use electric vehicles, says Chueh. 

The researchers set out to 
explore how best to recharge an 
EV battery to 80 per cent within 
10 minutes. They trained an AI on 
existing information from 41 EV 
batteries that had been used to 
the point of failure, which took 
about 1000 charge cycles. 

The AI was given only data from 
the first 100 cycles, and needed to 
find early indicators to predict 
battery life. It achieved a close 
correlation between the predicted 
and actual battery performance. 
The team then used the AI to find 
which of 224 potential charging 
patterns was most efficient. 

It took the AI16 days to 
determine which charge patterns 
were best (Nature, doi.org/dm6c). 
Given that an EV battery is meant 
to last up to 1000 charge cycles, or 
around 10 years of regular driving, 
evaluating how charging patterns 
affect lifetime was previously a 
lengthy process: fully exhausting 
a battery in testing took more 
than 500 days. Donna Lu 


KURT SCHWENK 


Health 


Genetic influence on risk 
of contracting HIV revealed 


YOU might think a person’s risk of 
catching HIV is solely governed by 
exposure to the virus. But anew 
study shows genetics may account 
for up to 42 per cent of the variation 
in the likelihood of getting infected. 
These findings could help us 
to develop new treatments or 
vaccines against HIV, says Timothy 
Powell at King’s College London. 
He was interested in the fact that 
millions of people are exposed to 
HIV every year but don’t catch it. 
For instance, only about a third of 
babies get infected after being born 
to HIV-positive mothers who aren't 
taking drug treatment for the virus. 
In 2013, another team looked 
at about 6000 people with HIV 
and 7000 similar people without it 
to see if there were relevant genetic 
differences between the groups. 
That team identified one gene, 


Animal behaviour 


Tiniest tadpoles suck 
on bubbles to get air 


MOST tadpoles have to breathe air 
to live but hatchlings are too feeble 
to break the “skin” on a pond’s 
surface caused by water tension — 
so they suck air bubbles instead. 

While tadpoles have gills, most 
also develop lungs and frequently 
surface to breathe air, which is 
essential for survival in water 
containing low levels of oxygen. 

Kurt Schwenk at the University 
of Connecticut saw the bubble 


which encodes a protein called 
CCRS. This is on the surface of 
immune cells and HIV attaches to it 
in order to enter such cells (pictured, 
in blue). A small percentage of 
people lack this protein and seem to 
be virtually immune to catching HIV. 

Powell and his team reanalysed 
the data from this 2013 study and 
found many other genetic variants 
that play a role. They also looked at 
a separate large study of health and 
genes and found that high genetic 
risk of HIV infection was linked to 
lower blood levels of a molecule 
called CCL17, which is involved in 
signalling between immune cells 
(Scientific Reports, doi.org/dnch). 

If confirmed, this suggests 
vaccine developers could focus 
on people with low CCL17 when 
developing their products, says 
Powell. Clare Wilson 


sucking by chance while studying 
salamanders feeding on tadpoles. 
“Tassumed this had been described 
before but it hadn't,” he says. 

Schwenk and Jackson Phillips, 

a PhD student at the university, 
filmed tadpole hatchlings from 
five frog species swimming up 
to take a breath. Due to surface 
tension they couldn’t break 
through to gulp air. Instead, they 
stuck their open mouths to the 
underside of the water’s surface. 

By dropping the floor of the 
mouth, tadpoles suck at the water 
surface and create an air pocket 
that they can pinch off by quickly 
closing their jaws. This forms a 
bubble in the mouth that contains 
fresh air and a bit of exhaled air. 
Raising the floor of the mouth 
squeezes the bubble, forcing air 
into the lungs (Proceedings of the 
Royal Society B, doi.org/dm6f). 

A second study showed that 
even when tadpoles were older 
and big enough to breach, those 
from two species of frog preferred 
this method. James Urquhart 
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Ancient humans 


Really brief 


found with clumps of pollen — buried, including that fact that the 
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Dirty air sticks 
around indoors 


Chemicals released by 
cleaning or cooking can 
stick to walls, furnishings 
and other surfaces indoors 
instead of wafting out 
when we open a window. 
Researchers found that 
briefly airing a mock home 
failed to reduce the levels 
of 18 potentially harmful 
substances (Science 
Advances, doi.org/dm57) 


Climate change 
altered ancient diet 


The Sahara desert was 
once home to many species 
of fish, including tilapia and 
catfish, which were hunted 
by animals and humans 
alike. Fossils show these 
fish dwindled as a changing 
climate dried up lakes and 
swamps they inhabited, 
forcing those who relied on 
them to change their diets 
(PLoS One, doi.org/dm4k). 


Seaweed may be 
crucial ancestor 


Tiny billion-year-old fossil 
seaweeds found in China 
may be the ancestors of all 
land plants. The seaweeds 
(Proterocladus antiquus) 
have branching structures 
and disc-shaped parts to 
attach to rocks and are 
the oldest complex plants 
known (Nature Ecology & 
Evolution, DOI: 10.1038/ 
s41559-020-1122-9). 


BAO-JIE DU ET AL 


Neanderthals really 
did bury their dead 


ARCHAEOLOGISTS in Iraq have 

discovered a new Neanderthal 

skeleton that appears to have 

been deliberately buried between 

about 60,000 and 70,000 years 

ago. The find reinforces earlier 

claims that this extinct type of 

human used graves for their dead. 
Excavations of Shanidar cave 

in northern Iraq in the 1950s 

and 1960s yielded the remains 

of 10 Neanderthals, including one 

dubbed Shanidar 4, which was 


Palaeontology 


suggesting the body had been 
deliberately placed in a grave 
and flowers scattered on it. 
However, the “flower burial” 
idea has been controversial. 
“There are burrowing rodents 
that use the cave and they 
sometimes take flowers into their 


burrows,” says Emma Pomeroy 


at the University of Cambridge. 
Now Pomeroy and her team 
have analysed a new set of remains 
from the cave: the upper half ofa 
Neanderthal. They found multiple 
lines of evidence that this 
Neanderthal was deliberately 


Dinosaur era insect had 
really odd oversized feelers 


THIS insect locked in Cretaceous-era 
amber has bizarrely wide and long 
antennae that may have evolved to 
help it confuse predators or disguise 
it as it foraged on branches. 

Bao-Jie Du at Nankai University in 
China and her colleagues examined 
the 99-million-year-old specimen 
of a juvenile Magnusantenna wuae, 
an insect from the Coreidae family. 
It was preserved in amber collected 
in northern Myanmar. 

She found the nymph’s antennae 
are more exaggerated than those 
of all other species in the Coreidae 
family. Du had never seen anything 
quite like it and says that they may 
be anew form of antennae. 


The big question is why they 
evolved. Du and her team suggest 
that they might have been used for 
displays during mating behaviour 
or as false targets so that a predator 
would miss the true body of the 
insect in an attack. They also argue 
the antennae would have been extra 
sensitive, given their large surface 
area (bioRxiv, doi.org/dm6)j). 

Max Barclay at the Natural 
History Museum in London says 
a sexual function is unlikely since 
the antennae already seem to be 
well-developed in the juvenile 
insect. He favours the idea that 
the antennae mimicked leaves to 
provide disguise. Chris Baraniuk 


sediment layer around the body is 
visibly different to the layer below. 
What is more, the sediment below 
the body shows signs of having 
been disturbed by digging 
(Antiquity, doi.org/dm6h). 

Modern humans were burying 
their dead at least 100,000 years 
ago, says Pomeroy. We don’t know 
whether Neanderthals devised the 
behaviour themselves or if they 
learned it from humans, but we do 
know Neanderthals and humans 
encountered each other around 
the time of the Shanidar burials. 
Michael Marshall 


Zoology 


TV is educational - 
even for birds 


FORAGING birds can learn to 
avoid foul foods by watching films 
of other birds’ responses to it. 

Liisa Hamalainen at the 
University of Cambridge and her 
team studied this type of social 
learning in blue tits (Cyanistes 
caeruleus) and great tits (Parus 
major), which forage together. 

Two groups of 24 birds, 12 blue 
tits and 12 great tits, were showna 
video of either a blue tit or a great 
tit eating unpleasant “prey” — food 
soaked in a bitter solution and 
marked with a black square — and 
showing disgust by wiping their 
beaks and shaking their heads. 

The birds that watched this 
were given unpleasant food with 
the marking and normal food to 
see ifthey had learned. Another 
set of 12 blue tits and 12 great tits 
were given these options without 
having watched the films. 

For both species, the birds that 
watched the videos ate fewer bad 
prey than those that hadn’t. Blue 
tits learned best by watching their 
own kind, but great tits learned 
equally well from either species 
(Journal of Animal Ecology, doi. 
org/dm6k). While birds have been 
shown to avoid certain prey by 
observing their own species, this 
has only been seen across species 
once before. Bethan Ackerley 
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Climate change 


Will trees save the world? 


Everyone seems to agree that trees are a major solution to climate change, 
but they can’t be the only fix, says Adam Vaughan 


TREE planting doesn’t usually 
feature in US presidents’ speeches, 
UK general election battles or the 
business pitches of oil companies. 
Yet in the past year, pledges to 
embark on reforestation efforts 
have become a popular way to 
show you are committed to 
fighting climate change. There 
are several initiatives to plant 

or protect a trillion trees, to add 
to the 3 trillion we have today. 

So how did we get here, with 
humble tree planting taking 
centre stage among the tools 
to stave off extreme warming? 
Can we really plant the numbers 
needed to lock up enough carbon 


“Fossil fuel industries 
can say they are 
harnessing nature to 
address their emissions” 


to make a difference? Perhaps 
most importantly, is all this talk 
of trees just a big distraction? 

“Suddenly, this last year there’s 
been an explosion of interest,” 
says Fred Stolle at Global Forest 
Watch, a US initiative from the 
University of Maryland and other 
groups. Rising public concerns 
seem to be making governments 
and corporations realise they 
need to do more on climate action, 
or at least be seen to do more. 

“I think there’s massive 
concern about climate change 
now and people genuinely want 
to do something about it. Ithink 
they are reaching for what are 
easy solutions,” says Joanna 
House, a lead author ofa UN 
Intergovernmental Panel on 
Climate Change (IPCC) report 
on land use published last year. 
Planting trees is popular, 
usually uncontroversial 
and brings benefits beyond 
storing carbon, from our mental 
well-being to habitats for wildlife. 
“People love trees,” says House. 
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The spotlight on tree planting 
may have its roots in the 2015 Paris 
agreement, in which governments 
committed to try to hold global 
temperature rises to 1.5°C, rather 
than the 2°C many had expected. 

This led to a 2018 IPCC report, 
which made it clear that to hit 
1.5°C, global greenhouse gas 
emissions need to fall to net zero 
by 2050. There was much debate 
about “negative emissions” 
technology, such as machines 
to capture carbon dioxide from 
the air. But with these in their 
infancy, the focus fell on trees 
as the only proven option. 

“Tthink a lot ofthe talk around 
the new ambition for1.5°C was one 
of the biggest driving forces for 
putting negative emissions — and 
particularly nature-based negative 
emissions — on the stage,” says 
Stephanie Roe at the University 
of Virginia. 

But tree mania accelerated last 
year, when Tom Crowther at ETH 
Zurich in Switzerland and his 
colleagues published a paper 
that said Earth has room for nearly 
a billion hectares of extra trees, 
which could lock up several years’ 
worth of humanity’s carbon 
emissions. The research has been 
criticised as an overestimate, but 
was influential and made global 
headlines. “I think that played a 


key role in re-legitimising 
reforestation,” says Mark Hirons 
at the University of Oxford. 

A few months later, political 
parties campaigning in the run 
up to the UK general election 
competed on who promised to 
plant the most trees. Last month 
marked peak tree planting fever, 
when the World Economic 
Forum launched it.org, a plan to 
plant a trillion trees (other plans 
launched three years ago). Even US 


Revenge of the tree-hugger 


Trees have long been at the heart 
of environmental issues. Three 
centuries ago, ina bid to stop local 
trees being cleared, villagers in 
India put themselves in front of 
loggers’ axes, with some literally 
hugging the trees. Several were 
brutally killed, says Alice Bell 

at UK climate charity Possible, 
who is writing a book on the 
history of climate change. 


The actual term “tree-hugger” 
wasn’t coined until the 1960s, 
though, she says, and became 
pejorative in the 1970s. 

Bell says the “save the trees” 
movements of the 1990s and 
2000s weren't dissimilar to 
today’s debate. “It was about 
climate change but without 
mentioning it. Now it’s climate 
first,” she says. 


president Donald Trump, who has 
withdrawn the US from the Paris 
agreement, backed the initiative. 

But even if we start planting 
vast areas tomorrow, can trees 
store enough carbon to buy us 
time to act on climate change? 

The Crowther paper said 
0.9 billion hectares could lock up 
205 gigatonnes of CO, Including 
land-use change, such as forests 
being cleared for farming, 
humanity’s annual emissions are 
about 41 gigatonnes. But House 
says many researchers were 
shocked by the paper. “It’s 
quite harmful because it makes 
it seem like trees can do more 
than they can,” she says. 

Several experts took to scientific 
journals to explain why they felt 
it exaggerated the amount of 
usable land and how much carbon 
could be stored. In response, 
Crowther says a lot of the criticism 
is well-founded, but it is important 
to get a global perspective on 
what it is possible, in order to set 
meaningful restoration targets. 
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New forests could 
lock up large amounts 
of carbon dioxide 


Based on Roe’s review of the 
literature, reforestation has the 
potential to lock up between 
1and 10 gigatonnes of CO, a year. 
“In terms of what is feasible, 
we came to 3 to 4 gigatonnes 
[a year],” she says. 

More research is under way on 
calculating the carbon storage 
potential of tree planting. Inthe 
meantime, it seems large enough 
to be attracting big business. 

Last year, Shell announced that 
it would spend $300 million 
over three years on reforestation 
projects to generate carbon 
credits for itself and others. 

On Crowther’s analysis, Duncan 
van Bergen at Shell says: “Even 
those people who have challenged 
it, have not challenged the fact 
that it is really, really big. It’s on 
the margins between really big 
and huge.” He says the numbers 
presented “resonated” with 
Shell’s own researchers. 

Such interest in reforestation 
from oil companies has set alarm 
bells ringing in some quarters. 
“Fossil-fuel industries can say 
they’re harnessing nature to 
address their emissions, which is 
dubious I think, in terms ofthe 
scientific case for this significantly 
having an impact on climate 
change,’ says Hirons. 

There is a risk that we plant 
trillions of trees without firms 
and countries also deeply cutting 
their emissions. Shell says that 
isn’t the case. “We are definitely 
not doing this instead of other 
tough things and changes we 
need to make. This very much 
comes on top,” says van Bergen. 

Even if mass reforestation 
happens in parallel with 
decarbonisation of economies, 
Stolle warns that trees must be 
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planted at the right place and time. 


As wellas picking suitable species 
for the climate and the soil where 
they are planted, it will be crucial 
to plant trees that help rather than 
hinder biodiversity. 


Biodiversity warning 


Take the UK, where the 
government's climate advisers 
have called for a tripling of tree 
planting to hit carbon goals. Jane 
Memmottat the British Ecological 
Society says there are huge 
differences in biodiversity levels 
between trees you might pick 
for the UK. “Something like oak 
and birch is fantastic —there are 
literally hundreds of species 
associated with them, whereas 
something like sycamore 

has pretty much a single aphid 
on it,” she says. 

Then there are the people who 
live in and around the places 
where reforestation might 
take place, often in developing 
countries. Restored forests 
won't thrive or remain intact 
long enough to lock up CO, for 
centuries if local people aren’t 
invested in them, says Stolle. 


There are multiple efforts 
under way to plant 
a trillion more trees 


“In developing countries, people 
very much understand the value 
of trees,” he says, but only when 
they play a role in deciding when 
and where they are planted. 

Hirons fears that the urgency 
of tackling climate change 
could see the wishes of local 
communities being ignored. 

“I think there’s a massive risk 

of social harm being caused by 
widespread reforestation. There 
is an idea that there is lots of 
underused land, which is a myth.” 

While there are international 
guidelines on how best to do 
reforestation, set by the Society 
for Ecological Restoration, there 
is no requirement to follow them. 

Lastly, if the CO, locked 
away is to be counted properly, we 
will need to monitor reforestation 
for along time. That is surprisingly 
tricky. Deforestation is easy to 
spot -— satellites show areas 
turning from green to brown. 

But they find it hard to detect 
new trees, which for the first few 
years will be tiny saplings hard 
to discern from space. Higher 
resolution images may help. 

Perhaps the biggest thing 
missing from today’s focus on 
reforestation is the great number 
of trees being lost to deforestation, 
which is getting worse. The world 
lost forests the size of the UK every 
year between 2014 and 2018. 
Deforestation in the Amazon 
rainforest has spiralled to the 
highest level in a decade. Recent 
bushfires in Australia burned 
64,000 square kilometres in 
Victoria and New South Wales, 
most of it forests. 

“It’s an eternal debate,” says 
Stolle. “Is [reforestation] a 
distraction because we really 
need to stop deforestation? On the 
other hand, if you look at the IPCC, 
we need those negative emissions. 
We can’t wait until we’ve done one 
before we do the other.” ff 


BOTTOM: TESLA; TOP: NASA 


Working 
hypothesis 


Sorting the week's 
supernovae from 
the absolute zeros 


4 Phobos 

Japan's space agency 

has announced plans to 
send a probe to Mars’s 
potato-like moon, Phobos, 
and bring back a sample. 


4 Pony rescue 

A pony trapped in a hole 
in Flintshire, UK, was 
rescued with the help 

of a mechanical digger. 


Vv Bitcoin 

Crime didn’t pay for a 
drug dealer who lost 
£46 million in bitcoin 
after storing his access 
codes in the cap ofa 
now-missing fishing rod. 


Vv Burger King 

In an effort to trumpet 

its removal of artificial 
preservatives, the fast 
food giant has released a 
video of a Whopper burger 
growing mould. I'm loving 
it! No, that’s the other one. 


Vv Tesla 

Hackers tricked a Tesla 
into breaking a speed 
limit by using black tape 
to make a 35 mph sign 
look like an 85 mph one. 
Still, they do have very 
good acceleration. 
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SGIENGE CAREERS PROVE 


LONG AND FULFILLING 


Pay cheques for scientists and engineers took a hit amid the wider 
economic malaise of 2019. But a New Scientist job market survey 
shows that STEM jobs remain hugely popular and satisfying 


in science are holding their own. In 2019, 

salaries for scientists and engineers 
dropped in some areas of the UK. But by other 
measures STEM jobs seem to be blossoming, 
according to the 2020 STEM Market Survey, 
produced by New Scientist in association with 
STEM specialist recruiter SRG. Scientists report 
having long, fulfilling careers and nearly all 
science students say they intend to enter the 
industry themselves. 

The survey, published this week, looks at the 

work scientists do and how they feel about it. It 


f) ESPITE turbulent economic times, careers 


also gives insights into those all-important 
salary numbers and how to get the most out 
of the job market. 

The survey reached nearly 3000 people 
working in a spectrum of roles in science, 
engineering and clinical settings. The 
overwhelming majority of these were in the 
UK, but a handful of other European nations 
were also surveyed. Half ofthe respondents 
were working as scientists in research, 
development and quality control, with another 
14 per cent working as engineers and 11 per cent 
in academia. Of those in industry, the most 


well represented sectors were pharmaceuticals, 
biotech and chemicals manufacturing. More 
than three-quarters of respondents were 
currently in STEM careers with the rest being 
students, retirees, people on a career break or 
now working elsewhere. 

The 2018 edition of the survey contained 
unadulterated good news for science jobs in 
the UK. There was an almost double-digit 
percentage increase in the average salary 
compared with the previous year. This year’s 
figures aren’t so healthy. Between 2018 and 
2019, STEM salaries suffered a setback as the 
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average dropped from £40,925 to £39,130. This 
is probably part ofa general economic trend 
amid the disruption of Brexit. The UK’s Office 
of National Statistics reports that 36 per cent of 
full-time employees experienced a real-terms 
pay decrease or pay freeze in 2019. The UK 
government’s promise to increase domestic 
research funding to £18 billion by 2025 may, 
however, mean the trend is short-lived. 

On the face of it, things look better elsewhere 
in Europe. The survey looked at STEM jobs in 
Ireland, Switzerland, Italy and Germany to get 
a flavour of the job market there and found 
that the average salaries increased by 8 per 
cent compared with 2018, rising to €51,644. 
But there is a caveat. The average salary in 
Switzerland is so high that it skews the 
calculation. In Germany and Italy the 
average salaries were €58,500 and €40,000 
respectively, but in Switzerland it was €95,000. 
Leaving the latter out gives €46,629, which is 
almost equivalent to the UK average. 


Regional divide 


So moving to other parts of Europe won’t 
necessarily get youa bigger pay cheque then, 
but could moving within the UK do it? There 
was definitely a regional variation in salary 
across the country (see map, right), with the 
South East and London having the highest 
averages. Then again, these areas also have a 
higher cost of living. East Anglia wasn’t far 
behind the top two, but outside of England the 
picture was not quite as positive. Scotland, 
Wales and Northern Ireland were among the 
lowest average salaries. The North East of 
England came bottom. 

Bear in mind, however, that these regional 
differences don’t apply to every employment 
sector. For example, the average salary for 
those working in chemicals manufacturing in 
the Midlands is £29,615, far behind the North 
West, where it is £37,069, and well below the 
overall regional average. In the pharmaceutical 
and engineering industries, there is a bigger 
difference between the North West and South 
West than their close regional averages would 
suggest: for pharmaceutical jobs there is a 
difference of £4000, and in engineering it’s 
£6000. The spread of average salaries for 
engineering was particularly broad, going 
from £38,000 in the South West to £55,000 
in Greater London. 

There may be other strategies that could put 
alittle more money in your pocket though. 
Switching to a large company with more than 
1500 employees, for instance, could earn you 
14 per cent more in the UK or up to 25 per cent 


oj, 


Number of STEM students 
planning on getting a job 
in science 


more elsewhere in Europe. 

On the other hand, loyalty also seems to pay. 
People who had been with their employers for 
nine years or more earned on average £15,000 
more than those who had only stayed up to 
three years. 

The gender pay gap remains a problem, with 
a 20 per cent difference in the average salaries 
of men and women in the UK. This number is 
far too high, but is at least moving slowly in the 
right direction, down from 22 per cent in 2018. 
The reduction could be in part due to the 
mandatory reporting that was introduced in 
2017. Elsewhere in Europe, the gender pay gap 
was a little higher at 24 per cent and hasn’t 
shifted from 2018. Mandatory reporting is on 
the way in countries such as Portugal and 
France and this may affect the figure in future. 
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SOURCE: NEW SCIENTIST/SRG/2020 SALARY SURVEY 


Broken down by age, 83 per cent of 
respondents in the 65+ category say they are 
satisfied with their jobs, and just 8 per cent 
described themselves as dissatisfied or 
somewhat dissatisfied. This appears to suggest 
that STEM careers are rewarding for decades. 

In contrast, around 31 per cent of the 25 to 34 
age group described themselves as “satisfied” 
with their careers. Nevertheless, about half of 
this age group responded that they are “not 
working or retired”, so it might be that they 
are struggling to find that crucial first job. 
Ultimately, it seems STEM jobs are fulfilling — 
if you can get your foot in the door in the 
first place. 

Overall, 88 per cent of the students we 
surveyed plan on entering STEM careers: 76 per 
cent of the men and 93 per cent of women. So 
perhaps efforts to encourage more women 
into STEM careers are finally starting to pay off. 
Stay tuned for next year’s survey to see if that 
trend continues. 
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Scourge of the scooters 


Electric scooters are a nightmare: they clog up pavements and 
are an ungainly eyesore. But we still need them, says Donna Lu 


ACK in Brisbane, Australia, 
B for the Christmas break, 

I found myself in a public 
transport dead zone. Bikeless, 
7 kilometres from where I was 
meeting friends and unwilling to 
get a taxi, I resorted to borrowing 
an electric scooter. 

“You'll have such a good scoot!” 
a friend told me before I left, as 
if such a thing were possible 
while zooming around with the 
ungainliness of an overgrown 
child. The trip took far longer than 
it would have by bike, not least 
because of a major spill halfway 
there. A stray rock, hit at speed, 
is a terrible thing: weeks later, 

I still had the scabbed-up knees 
ofa primary schooler. 

E-scooters have cropped up 
in Brisbane like a rash. In the UK, 
they are legal only on private land, 
but the Department for Transport 
is opening consultation on how 
to regulate them on public roads 
and pathways, with the potential 
for legalisation later this year. 

The idea of having to dodge 
e-scooters on streets and 
pavements is anathema to me. 
Ihave seen enough close calls 
involving pedestrians who cross 
roads without looking up from 
their phones to think that adding 
e-scooters to the mix will be 
dangerous —at least at first. 

Other cities that have e-scooter 
rental schemes have had teething 
problems. In Paris, mayor Anne 
Hidalgo described the situation 
q last year as close to anarchy. She 
e has announced that the city is 
8 reducing its fleet of e-scooters 


to 15,000 and plans to create laws 
banning them from pavements. 
France has enacted laws limiting 
e-scooter speeds to 25 kilometres 
per hour. 

Similarly to dockless hire 
bicycles, e-scooters can clog up 
pavements and people toss them 
up trees or into rivers. Vandalism 
and rough handling shortens their 
lifespan, which is bad for both 
profitability and environmental 
impact. Analysis suggests the 
average e-scooter’s lifespan is 
just three months. 

Unfortunately, I think they 
are also an essential part of the 
effort to green city transport. 


E-scooters are seen as a solution 
to the “last mile” problem —a 
potential way to reduce traffic 
congestion by rapidly getting 
someone to their final destination. 
Compactness is a factor: cars can 
take up 28 times the space of a 
person riding a bicycle, which 

is similar in footprint to an 
e-scooter, if not larger. 

As far as environmental impact 
goes, recent research suggests 
that e-scooters aren’t as green as 
walking, cycling or travelling by 
moped — but they are still better 
than cars. And despite numerous 
reports of fatal accidents, scooting 
is about as safe as cycling. 


Culture columnist 
Jacob Aron plays 
Journey to the 
Savage Planet p34. 


Donna Luis a reporter at New 
Scientist covering technology. 
She tweets @donnadlu 


Introducing e-scooters safely 
will require planning for storage 
infrastructure and potentially 
a rethink of road space. To avoid 
interfering with traffic, integrating 
scooters into existing streets is 
most effective when their speeds 
are limited to 25 kilometres per 
hour, which is a similar speed 
to cyclists. 

More radically, Stefan Géssling 
at Lund University in Sweden 
has suggested we build car-free 
“micromobility” streets, where 
cyclists, pedestrians and e-scooters 
could share the road. He thinks 
this will reduce accident risk and 
“invite more vulnerable traffic 
participants, such as children, to 
become active transport users”. 

Ifmore e-scooters means fewer 
cars on roads, an improvement 
in local air quality is also a likely 
outcome. When 20 kilometres 
of roads in central London closed 
for World Car-Free Day last 
September, atemporary air 
quality monitor in Regent Street 
reportedly registered a 60 per cent 
drop in nitrogen dioxide. 

Given the choice between 
bathing in exhaust fumes and 
watching out for maniac riders, 

I must begrudgingly admit that 
e-scooters are the lesser evil. 

Like many, I welcome any 
government regulation that 
allows e-scooters onto UK streets. 
But I won’t be getting back on 
one soon. # 
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Views Columnist 


Chanda Prescod-Weinstein 

is an assistant professor of 
physics and astronomy, and 
acore faculty member in 
women's studies at the 
University of New Hampshire. 
Her research in theoretical 
physics focuses on cosmology, 
neutron stars and particles 
beyond the standard model 


Chanda’s week 


What I’m reading 
Something That May 
Shock and Discredit 
You by Daniel M. Lavery 
(published under the 
name Daniel Mallory 
Ortberg) is quickly 
becoming a favourite 
essay collection. 


What I’m watching 

The Resident. It’s a 
medical drama and social 
commentary on the US 
healthcare system. 


What I’m working on 
Sadly, I’m spending a lot of 
time on a grant proposal 
to a programme witha 
very low success rate. 


This column appears 
monthly. Up next week: 
Graham Lawton 
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Field notes from space-time 


Problems with the atmosphere When trying to study the 
universe's most incredible objects, Earth’s atmosphere often 
gets in the way, writes Chanda Prescod-Weinstein 


ARTH’s atmosphere is pretty 
jr wonderful. As well as being 
a scientific curiosity, it is 

also the reason that life on our 
planet thrives in the way that it 
does.I am thankful for this, but as 
someone who studies the sky, the 
atmosphere also presents me with 
a problem: it blocks out some of 
the light frequencies that I want to 
use to study the incredible objects 
that populate the universe. It can 
also distort the light that isn’t 
blocked, creating disadvantages 
for doing astronomy using 
telescopes based on Earth. 

That is why the atmosphere 
is the primary reason we send 
telescopes into space. You might 
think we do it to get closer to the 
action in space, but largely it is 
just to get further from the action 
in the atmosphere. Because of 
a unique (to our solar system 
anyway) mix of nitrogen, oxygen 
and notable smidgens of other 
gases, the atmosphere both allows 
us to breathe and absorbs particles 
of light called photons. 

Millennials like me are 
probably most familiar with this 
phenomenon from discussions 
during a significant part of our 
childhood about a hole in the 
ozone layer of the atmosphere, 
which specifically blocks out some 
frequencies of ultraviolet (UV) 
radiation. The term UV radiation is 
just another way of talking about 
light that is in the UV part ofthe 
spectrum. The human eye isn’t 
sensitive to UV light, so it is 
invisible to us. In fact, our eyes are 
actually only sensitive to a limited 
part of the electromagnetic 
spectrum, what is called the 
visible or optical part. 

The difference between 
visible light and other parts ofthe 
spectrum is energy levels. Visible 
light frequencies, which we 
experience as the different colours 
in a rainbow, are associated with 


energies. Blue, the colour closest 
to the UV part of the spectrum, is 
more energetic than red. UV light 
and everything more energetic 
than it is mostly blocked by the 
atmosphere. We care about this 
missing light because some of the 
most interesting information 
about astrophysical phenomena 
like black holes, neutron stars 
and even the Milky Way comes 
at these energetic frequencies. 
We first realised this when we 
launched X-ray detectors into 
space, which spotted light that 
turned out to be from far away 
sources. Since then, we have 
launched a great many telescopes 


“Images from 
Hubble, which is 
aUV and optical 
telescope, have 
become ubiquitous 
in pop culture” 


that do observations in the high 
energy — X-ray and gamma ray — 
regime. The two best known in 
the US are the NASA Chandra X-ray 
Observatory and the NASA Fermi 
Gamma-ray Space Telescope. 
Over the past two decades, 
both instruments have helped to 
revolutionise our understanding 
of the universe, including our 
own galaxy. My friend Tracy 
Slatyer, a dark matter expert at 
the Massachusetts Institute of 
Technology, made headlines as 
a PhD student by using Fermi to 
co-discover a gamma-ray source 
at the centre of the Milky Way, 
now known as the Fermi Bubbles. 
We still don’t know what they are. 
High-energy astrophysics isn’t 
the only area that has benefited 
from space-based instruments. 
As regular readers know, lama 
big Star Trek fan, and one of my 
favourite things about rewatching 
old episodes of The Next 


Generation and Voyager is seeing 
the impact ofthe Hubble Space 
Telescope on set design. Look 
closely and you will notice 

that brilliant images of space 
phenomena started to appear in 
the background as time goes on. 

Images from Hubble, which is 
a UV and optical telescope, have 
become ubiquitous in pop culture. 
[have always thought that Hubble 
changed the world immeasurably 
and Iam glad that the late NASA 
scientist Nancy Grace Roman led 
the charge to get it built, earning 
her the name Mother of Hubble. 

Of course, we can see visible 
light from the ground, but that 
doesn’t mean that sending Hubble 
into space was a mistake. This is 
partly because, as described above, 
Hubble is a UV instrument and 
much UV light is blocked by the 
atmosphere. But even in the 
visible, the atmosphere’s 
distortions to light mean that 
the pictures we get from Hubble 
are much crisper. 

On top of that, we now have 
to contend with commercial 
phenomena blighting the sky: 
the ubiquity of SpaceX’s Starlink 
internet satellites makes looking 
at the universe from the ground 
increasingly difficult. One of the 
main barriers between Hubble 
and what we want to see is our 
technological prowess. 

On the other hand, famously, 
when Hubble was first launched, 
it hada serious problem that 
made the images it sent back quite 
low quality. It had to be repaired 
by astronauts in what was a risky 
mission. Updating it is also 
difficult because it is in space. 

A ground-based telescope, like the 
Vera C. Rubin Observatory that is 
under construction in the Chilean 
Atacama desert, can be updated 
continuously. After all, it is easier 
to get things to the Atacama than 
into low Earth orbit. # 
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MELANOMA ON A CHIP: NICK MOSER & PROFESSOR CHRIS BAKAL 


The art of cancer 


ICR 2019 Science and Medical 
Imaging Competition 


IMAGINE halving an apple and 
looking at its core. That is a bit like 
what happened to this metastatic 
melanoma cellin an image created 
by Nick Moser and Chris Bakal. 
The researchers used scanning 
electron microscopy to create the 
shot, shortlisted in this year’s 
Institute of Cancer Research (ICR) 
Science and Medical Imaging 
competition. This contest is a 
chance for staff at the ICR and the 
Royal Marsden NHS Foundation 
Trust to showcase their work. 

Moser and Bakal used an ion 
beam to blast the cell, creating a 
triangular shape as the beam cut 
the cell and the silica substrate it 
grew on. This gives researchers an 
unprecedented view of the cell. 

Melanoma cells attach to 
surfaces using focal adhesions — 
structures that they make to 
interact with their surroundings. 
Removing part of the cell shows 
what happens as these form. The 
spread of cancer cells to other parts 
of the body is especially dangerous, 
so understanding how they attach 
to various tissues is vital. 

The overall winning shot 
(below) shows neural stem cells 
from mice given glioblastoma, 
an aggressive brain cancer. It was 
taken by Sumana Shrestha, who 
used methods known as confocal 


microscopy and immunostaining 
to reveal different types of cells. 8 
Bethan Ackerley 
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DIFFERENTIATING BRAIN CANCER CELLS: SUMANA SHRESTHA 


Views Your letters 


Editor’s pick 


You simply couldn’t build 
enough nuclear reactors 


8 February, p 20 

From Paul Dorfman, University 
College London Energy Institute, UK; 
Tom Burke, E5G; Steve Thomas, 
University of Greenwich, UK; Jonathan 
Porritt, environmental campaigner; 
and David Lowry, Institute for 
Resource and Security Studies, 
Cambridge, Massachusetts, US 
Reporting the decline of nuclear 
power generation, you quote 
Michael Shellenberger’s view 
that nuclear power is necessary 
to prevent climate change. This 
view is truly dangerous. 

Climate change poses a number 
of unique challenges to humanity. 
One of the most difficult is that the 
world not only needs to get toa 
specific place - a carbon-neutral 
global energy system — but also 
must get there by a specific time - 
the middle of the century. Otherwise 
the policy fails. 

You simply couldn't build enough 
nuclear reactors fast enough, even 
to replace the existing reactors that 
will reach the end of their life by 
2050, let alone to replace fossil 
fuels in the existing electricity 
system or in the more electricity- 
intensive global economy we are 
currently building. 

This would be true even if we 
were willing and able to overcome 
all the other unsolved problems that 
nuclear reactors face. These include 
their affordability, accidents, waste 
management, nuclear weapons 
proliferation, the scarcity of talent 
and system inflexibility. 


Some reasons not to take 
up alphabetic writing 

8 February, p 34 

From Jan Willem Nienhuys, 
Waalre, Netherlands 

Colin Barras reports that official 
scribes seem not to have taken up 
a phonetic alphabet. The reason 
for this may be that dialect 
speakers may not recognise the 
phonetic writing of speakers of 
other dialects. The greater the 
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SISYPHUS: ETERNALLY DOOMED 
TO PUSH A HUGE BOULDER UP 
A STEEP HILL, ONLY FOR IT TO 
ROLL BACK DOWN AGAIN JUST 
AS HE NEARS THE SUMMIT. 


empire you administer, the more 
serious this problem is. China kept 
a multi-lingual country together 
using an ideographic script. 


From Beverley Charles Rowe, 
London, UK 

Systems with one symbol per 
word can, in principle, be used 
without knowing the language 
for which they were originally 
developed. This enables all the 
members of a community, 
whatever language they speak, 
to use the same written script, 
as in China today. 

Something like this is 
happening now. Digital messages 
are used by speakers of thousands 
of languages, who are developing 
a universal collection of emojis, 
the only significant hieroglyphic 
system invented for thousands 
of years. 


From Linda Phillips, 

Narrogin, Western Australia 

Your article on the invention ofthe 

alphabet brings to mind a modern 

conundrum. Why do we still teach 

the Latin alphabet as “A, B, C, D...”? 
This series isn’t particularly 

useful. We could consider 

changing the teaching order to 


A study of the effects of 
long-term punishment by means 
of repeatedly ascending a slope 
propelling a cumbersome object. 


») 


PROFESSOR SIMON SYPHUS: 
ETERNALLY DOOMED TO WRITE 
A PAPER, ONLY TO DISCOVER 
A FUNDAMENTAL ERROR JUST 
AS HE NEARS THE CONCLUSION. 


“Q,W,E,B,T, Y...” This at least has 
relevance for children learning to 
type rather than write by hand. 


Law is needed to manage 
the new industrial frontier 


8 February, p 14 
From Robert Willis, Nanaimo, 
British Columbia, Canada 
You report that legal action could 
be used to stop Starlink satellites 
affecting telescope images. Two 
dead satellites — the Infrared 
Astronomical Satellite, launched 
in 1983, and GGSE-4, an 
experimental US Air Force satellite 
launched in 1967- had a near miss 
in late January. This emphasises 
the need for greater international 
oversight of the space above Earth. 
You have reported on the risks 
of satellite collisions (30 March 
2019, p 26) and calls for rules of the 
road in space (14 September 2019, 
p15). I recall little discussion of 
the responsibility of the owners 
of objects orbiting our planet. 
With abandoned oil wells, 
mines and manufacturing plants, 
the cost of cleaning up has 
eventually fallen on taxpayers. 
Governments have adopted 
legislation on legal responsibility 


for disposal of manufactured 
goods, such as the US Resource 
Conservation and Recovery Act 
and EU directives implementing 
Extended Producer Responsibility. 
They need to apply the same 
principles to commercialisation 
and industrialisation of space. 
Had the two objects actually 
collided in January and the 
resulting debris caused significant 
damage or harm, who would 
be liable? The space above us 
is becoming so crowded that, 
eventually, there will be a collision 
that will either directly cause 
significant harm or will result in 
a pin-balling of damaged objects. 
Astronomers, geophysicists 
and others in related disciplines 
need to become more vocal in 
demanding the development of 
appropriate global policies. 


The evolution of sexuality 
and the blind date model 


8 February, p 23 

From Peter Mendenhall, 
Nottingham, UK 

Andrew Barron mentions a study 
that showed that same-sex 
attraction could be a polygenic 
trait rather than a monogenic one. 


Either way, as identical twins share 
the same genes they should have 
the same sexual orientation ifthe 
trait is entirely genetic. But it is 
known that if one brother is gay, 
there is only about a 50 per cent 
chance that his identical twin is. 

So genes alone cannot fully 
explain same-sex attraction. 
Might it have an epigenetic aspect? 

In The Epigenetics Revolution, 
Nessa Carey concludes there are 
two conditions for a phenomenon 
to be considered epigenetic: that 
two things are genetically identical 
but phenotypically variable; or an 
organism is influenced long after 
an initiating event has occurred. 

Sexual attraction to men or to 
women is often discovered in 
adolescence and continues for the 
lifetime of the individual. Identical 
twins with opposite orientations 
meet both Carey’s conditions. 


From Perry Bebbington, 
Kimberley, Nottinghamshire, UK 
Barron considers why same-sex 
attraction isn’t a paradox. His 
explanation of the evolution of 
sexuality shares one thing with 
all other explanations I have 
seen: it is far too complicated. 
Sexual reproduction works for 
species that don’t distinguish 
between mating with their own 
or the other sex. As long as they 
sometimes mate with the 
opposite sex they will reproduce. 
There will, however, bea 
selection advantage for preferring 
the opposite gender, so sucha 
preference is likely to evolve. The 
mechanism for this preference 
probably won't always prevail 
and will sometimes result in a 
preference for the same gender. 
No other explanation is necessary. 


The editor writes: 

Julia Monk of Yale University and 
colleagues recently advanced just 
such a hypothesis: Nature Ecology 
& Evolution, doi.org/ggc7rt. 


The economics of staring 
into a simulated universe 


1 February, p 42 

From Martin Ellis, London, UK 
Donna Lu’s account of the 
suggestion that we may be living 
in a simulation made me think. 
Ifwe were, it is possible that time 
would appear to run slower close 
to large and complex objects, as 
the computer we are running on 
struggles to process all the myriad 
interactions before being able to 
move from one state to another. 
This will sound familiar to those 
acquainted with relativity. 

And if] were programming this 
simulation, I'd deal only with the 
interactions that mattered —those 
that were being “observed” by my 
simulated beings. All the rest I'd 
leave in an indeterminate state. 


From John King, 

East Grinstead, West Sussex, UK 
Lu reports the concern of 
philosopher Preston Greene 

that our present reality might be 
switched off if we were in danger 
of discovering that we live in 

a simulation. This shouldn’t be 
our greatest worry. We should be 
more anxious lest our simulator 
overlords find that their research 
budget has been cancelled, as the 
experiment has been deemed to 
have little commercial value. 


From Jim Merkner, 

Veneta, Oregon, US 

It seems as though a quote 

from the philosopher Friedrich 
Nietzsche is relevant here: If you 
stare long enough into the void, 
the void stares back at you. ! 


For the record 


! AnAl trained at Stanford 
University in California can predict 
who is most likely to respond to an 
antidepressant from measurements 
of brain activity (15 February, p 19). 


Want to get in touch? 

Send letters to New Scientist, 25 Bedford Street, London 
WC2E OES or letters@newscientist.com; see terms at 
newscientist.com/letters 


Views From the archives 


50 years ago, New Scientist 
wondered if we could make 
more use of our downtime 


"“Sleep-learning”, we observed in 
our 5 March 1970 issue “is big 
business in the Soviet Union.” 
Aslew of studies, experiments 
and trials from behind the Iron 
Curtain showed an enthusiasm 
for pumping information, such 
as lists of foreign words, into 
people’s brains while they slept. 
Our article found that several 
Russian civil and military establishments were setting 
up dormitory facilities to practise the method. However 
the fervour wasn't backed by much evidence. 

We looked at an investigation into sleep-learning, 
led by D. J. Bruce, at London’s Maudsley Hospital. 

The aim of the experiment was to find out what effect 
the technique would have on participants’ abilities to 
learn a list of 15 pairs of nonsense syllables. 

To test this, one group was played sounds of these 
pairs, asecond group was exposed to scrambled pairs 
of the syllables, and the third was played music- 
all while they slept. 

It didn't work. There was no discernible difference 
between the three groups’ abilities to learn the syllables 
on awakening. 

But Bruce's experiment focused on deep sleep 
which is different to the type typically used in Russian 
sleep-learning. “There the input of information is 
deliberately restricted to the lightest phases of sleep, 
the drowsy period when the subject is suspended 
between consciousness and oblivion,” we noted. 

While the Maudsley experiment poured cold water 
on the idea that all you have to do to become a genius 
is to replace your hot-water bottle with a tape recorder, 
“it by no means writes the obituary of what has become 
known - perhaps unfortunately — as sleep-learning”, 
we concluded. 

We were right not to be too dismissive. A 2012 study 
showed that sleeping people can learn to associate 
specific sounds and smells. Others have demonstrated 
that presenting sounds or smells during sleep boosts 
performance on memory tasks - providing the same 
sensory cues were present during initial learning. 

But perhaps we are looking at this idea from the 
wrong angle. An idea growing in popularity is that 
sleep evolved, not just to process the day just gone, 
but to make room for the next day’s memories. “Sleep 
is the price we pay for learning,” said Giulio Tononi at 
the University of Wisconsin-Madison, who developed 
the idea. Simon Ings 


scientist 


To find more from the archives, visit 
newscientist.com/old-scientist 
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Views Culture 


Filtering out our real selves 


For years people have used technology to tweak their digital selves, but is 
there a downside when such images go viral, asks Chris Stokel-Walker 


BY HER own admission, 19-year- 
old Manilyn Macalos is addicted 
to Instagram filters. She has 
road-tested everything, from 
ones that add a rosy blush to her 
cheeks and a sea of light brown 
freckles under her eyes to others 
that overlay a swarm of butterflies, 
flapping their wings over her 
head. There are filters giving her 
whiskers and ears made of 
flowers. She has even tested a 
Flappy Bird-like filter that allows 
her to control the eponymous 
character of the popular mobile 
phone game by nodding her head. 

But Macalos’s most prized 
filters are the 10 she has saved 
to her phone. “Most of them 
make your nose look slimmer, 
and your eyes and lips a little 
bigger,” she says. 

It sounds like innocent play: 
it can be fun to mess around 
with digital photos of ourselves 
and other things using the 
latest technology. As wellas 
Photoshopping out blemishes, 
there are mobile apps that tuck in 
your stomach or accentuate your 
curves. One of the most popular 
apps is Facetune, available since 
2013 and used by celebrities to 
make themselves look slimmer. 

Now, however, Instagram 
filters are no longer about merely 
prettifying photos to add to your 
“grid”. The latest tech means that 
any short-lasting Instagram 
Stories that use the filters seem 
to be more likely to go viral and 
be seen by millions of users. That 
changes the effect they can have. 
As they come to be part of the 
zeitgeist, we need to think—and 
know — about filters. 

The big change started last 
August, when Instagram’s parent, 
Facebook, opened up its Spark AR 
platform to the public so anyone 
could develop their ideas for 
augmented reality (AR) filters. 
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New online communities 
formed quickly, with developers 
trading secrets of how to design 
good filters, says Tama Leaver 
at Curtin University in Australia, 
who is co-author ofa recent book 
called Instagram. One Facebook 
group for Spark AR developers has 
51,000 members, who post their 


latest filters. A recent demo shows 


one that turns your head into an 
analogue alarm clock, with neon 
hands pivoting around the end 


“The reaction video 
lets users project onto 
fictional characters 
and become sexier 
or more aggressive” 


of your nose. Two bells protrude 
from your head, with ahammer 
in between: as you shake your 
head, the alarm clock rings. 

Four months after Facebook 
opened Spark AR — and just in 
time to provide a welcome 
Christmas diversion — the first 
high-quality filters trickled 
through. One that captured 
alot of attention was developed 
by a Belgian content creator, 
photographer and video-maker 
named Arno Partissimo. The 
“What Disney character are you?” 
filter projected an image ofa 
mirror above the head of anyone 
who took a video using it that 
cycled through Disney 
characters. Like a slot machine, 
it stopped on arandom character, 
capturing reactions. 

“I started creating filters 
because I saw the big potential 
of this new technology,” says 
Partissimo. He had made about 
25 filters before his Disney 
creation took off. Inspiration 
came from Facebook quizzes 
that Partissimo took when he 
was younger. 


Instagram filters 
can turn you into 
a human alarm 
clock or alter 
countless details 
in photos of you 
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He released the filter, and it 
quickly went viral. Celebrity users 
including the Beckham family, 
DJ Diplo and actors Vanessa 
Hudgens and Zelda Williams 
tried it out, posting the results to 
their Instagram Stories. In a rare 
case of coincidence, Williams’s 
random character choice stopped 
on the genie, the character her 
father, Robin William, played 
in the film Aladdin. 


Joy of reaction 


There were a number of reasons 
behind the filter’s success, 

says Leaver. “They’re tapping into 
our fandoms, but they’re also a bit 
like a slot machine: it’s fun to see 


what you get.” The way the filter 
requires you to effectively record 
a video of your reactions to get 
the result is also key, because 
that is inherently more likely to 
make something go viral than, 
for example, filling in a Facebook 
quiz. The instantaneous-reaction 
video provides part of the joy for 
alot of people, says Leaver. For 
him, it produces an exaggerated 
network effect in which the value 
of something increases according 
to the number of others using it. 
And it can also tap into our fear 
of missing out, or FOMO, inciting 
others to get involved. 

Such match-ups with well- 
known characters allow users to 
“act out” and project onto other 


out skin and remove even 
more blemishes than Photoshop. 
Their popularity is probably 


personalities. “If you want to be 
more aggressive, outspoken, 

sexual or kinky, you can rely on 
this self-representation by proxy,’ best captured by Macalos’s use 


says Katrin Tiidenberg, who of them to finesse her selfies. 

researches social media and “Tt’s like getting instant plastic 

visual culture at Tallinn University, surgery,’ she says. “The more I use 

Estonia, and is author of Selfies, a it, the more I get addicted to it.” 

book about the way we represent Macalos says that using the 

ourselves online. Photoshop-style benefits of filters 
“Because there is this idea makes her feel10 times better 

of interpretative flexibility about how she looks, especially 

involved, you can always back the ones that blur the skin. 

away from it and say it’s just a 


joke. These quizzes serve partially “){ost filters tuck in 


the same purpose, she says. cheeks, smooth out 
Quiz filters like those are just : 
skin and remove 


a small proportion of the filters : 
used on Instagram: most areofthe Ore blemishes 
type that tuckincheeks,smooth than Photoshop” 


Like the quiz-type filters, which 
spread through digital word of 
mouth and by users watching 
friends and idols using them, 
Macalos finds most of her filters 
by following celebrity stories on 
Instagram. “I use them especially 
when they look good with that 
specific filter,” she says, citing, 
among others, US celebrity 
Kylie Jenner using filters on her 
photos and videos. 

Those face-shifting filters allow 
people to play about with identity, 
which is important for teenage 
or pre-teen Instagram users. Effie 
Le Moignan, a research associate 
in social computing at Newcastle 
University, UK, takes a cautious 
view of their place in an online 
world. “There are valid concerns 
where this overlaps with body 
image, peer pressure and diet 
culture, but fundamentally 
Instagram is a context where 
people are being aesthetically 
playful,” she says. 

Beautifying filters are complex, 
says Tiidenberg. “They make us 
feel better about ourselves, and 
allow us to see ourselves as more 
similar to the standards of what 
is considered beautiful at that 
moment in the culture. But that is 
also why they’re problematic —in 
many cases we've seen the filter’s 
index of how beautiful people are 
is quite racist and problematic.” 

As she points out, the filters 
tend to make skin lighter and eyes 
larger, promoting the Western 
ideal of beauty —even though 
they are used across the world. 

That isn’t something that 
worries Macalos or her friends. 
“They don’t mind me using them, 
but they do think! look different 
and weird,” she says—“butina 
good way.” ff 


Chris Stokel-Walker is a technology 
writer based in Newcastle, UK 


Listen 


Reply All, a podcast 
hosted by P] Vogt and 
Alex Goldman of Gimlet 
Media, is a regular look 
down the internet rabbit 
hole — investigating the 
quirks and oddities of 
our oh-so-efficient 
digital lives. 


Watch 


Altered Carbon, the 

second season of the 
body-swapping sci-fi 
drama, sees Anthony 


Mackie take the lead role. 


Based on the 2002 
novel by Richard 
Morgan, it is streaming 
now on Netflix. 


Read 


Footprints: In search 
of future fossils 
(Farrar, Straus & Giroux) 
by David Farrier asks 
what our civilisation 
will leave behind in 

the future fossil record. 
It is an oddly hopeful 
exploration of deep 
time and a world doing 
just fine without us. 
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Views Culture 


The games column 


Walking on another world There's nothing like crash-landing on an alien 
planet, especially a carefully crafted world containing a big mystery to solve. 


Just watch out for the chicken, says Jacob Aron 


Jacob Aron is New Scientist's 
deputy news editor. He has 
been playing video games 
for 25 years, but still isn’t 
very good at them. Follow 
him on Twitter @jjaron 


TYPHOON STUDIOS 


I HAVE lost track of the number 


of alien worlds I have walked on. 
Game That is partly down to playing 
Journey to the No Man's Sky a few years ago, 
Savage Planet a universe designed by an 
Typhoon Studios algorithm that offers 18 quintillion 


PC, PlayStation 4, Xbox One possible planets to explore, says 


its developer. I must have trudged 


Jacob also across a good few hundred. But 
recommends... infinity gets boring- give mea 
well-crafted experience any day 
Games over random permutations. 
Metroid Prime My latest alien expedition came 
Retro Studios in Journey to the Savage Planet. You 
Enjoy on Nintendo Wii play as an employee of Kindred 


or Nintendo GameCube. Aerospace -— the fourth best 


interstellar exploration company, 


No Man’s Sky its keen CEO tells me ina video 
Hello Games message. Your character has 

Play on PC, PlayStation 4 crash-landed on planet AR-Y 26 
or Xbox One. and must find their way home. 


The game is, in a word, wacky, 
and not in a good way. One of the 
first things you do after emerging 
from your spaceship is to smack 
an alien chicken in the face. 
Humour is a tricky thing to get 
right in video games — after all, 
timing is everything in comedy, 
and getting a player to fit the 
developer’s script often fails — and 
it didn’t really work for me here. 
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But once I decided to turn down 
the volume and ignore the hit- 
and-miss gags, I hada great time 
ambling around its weird world. 

AR-Y 26 is presented as a 
pristine alien realm, but it quickly 
becomes clear someone has been 
here before you, and the game’s 
plot involves solving that mystery 
as well as finding a way home. 


“Infinity gets boring- 
give mea well-crafted 
experience any day 
over an algorithm’s 
random permutations” 


As in No Man’s Sky, you must 
gather elements such as carbon 
and silicon from the environment 
to upgrade your equipment. 
The game also borrows liberally 
from the exploration titles of 
the Metroid series, most notably 
Metroid Prime. That classic sees 
you playing as bounty hunter 
Samus Aran, gradually acquiring 
upgrades to her spacesuit that 
allow you to access new areas 
of the planets she explores. 

The genius of the Metroid series 


On planet AR-Y 26, 
players encounter lots 
of alien flora and fauna 


is that obstacles early in the game 
become a cakewalk as you upgrade 
your character’s abilities and 
equipment —a once impassable 
chasm is no match for a double 
jump and impenetrable walls fall 
easily to a newly acquired missile 
launcher. It is a great feeling to 
charge through an earlier part of 
the game world, having previously 
spent hours painstakingly going 
the long way round. 

Savage Planet does the same 
thing, but its best upgrades are 
only unlocked by doing so-called 
science experiments. These are 
tasks that can theoretically be 
performed at any time, such as 
scanning the various alien flora 
and fauna (another facet of the 
gameplay with echoes of Metroid) 
or taking samples from specific 
creatures (basically hitting them 
with a sciencey-looking stick). 

Sadly, I found many of them 
too fiddly to bother with because 
they required you to take the time 
to line up creatures in the same 
location to blast them witha 
specific weapon. I guess this was 
an attempt to improve on the 
Metroid formula, but it is hard to 
mess with a classic successfully. 

Despite these shortcomings, 
Ienjoyed navigating AR-Y 26, 
particularly once I got hold ofa 
grappling hook upgrade that could 
send me whizzing across the skies 
at high speeds. But I couldn’t help 
harking back to the days of playing 
Metroid Prime on my trusty 
Nintendo GameCube console. If 
you have never had the pleasure, 
rumours suggest an upgraded 
version of the original game 
will be released for the Nintendo 
Switch later this year, ahead of 
a new sequel. That’s another 
expedition to add to my list... f 
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of the moon landings. Explore the past, present 
and future of space exploration with over 100 
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Features 


Enemies within 


Ancient invaders hidden in our DNA may cause some 
of our most devastating illnesses, finds Carrie Arnold, 
suggesting a path to new treatments 


are common among the people with HIV 

who come to Avindra Nath’s clinic for 
treatment. But when one young man showed 
up in 2005 struggling to move his arms and 
legs, Nath was baffled. Although the man had 
been diagnosed with HIV a few years earlier, his 
new symptoms matched those of amyotrophic 
lateral sclerosis (ALS), also known as motor 
neuron disease. In an attempt to get his HIV 
under control, Nath convinced him to start 
taking antiretroviral drugs. Much to everyone’s 
surprise, his ALS symptoms improved too. 

ALS is caused by progressive deterioration 
and death of the nerve cells that control 
voluntary movement. What triggers this 
destruction is unclear, but recovery is rare. 
Puzzled, Nath, who ran an immunology clinic 
at Johns Hopkins University in Baltimore, 
began searching the medical literature. There 
he found other people with HIV and ALS whose 
ALS symptoms improved with antiretrovirals— 
drugs that stop viruses replicating. Could this 
neurological condition be triggered by a 
dormant virus hiding in our DNA, brought 
back to life by HIV? 

This question doesn’t only hover over 
ALS. Increasingly, we are waking up to the 
possibility that conditions including multiple 
sclerosis (MS), schizophrenia and even type1 
diabetes may in some cases be triggered by 
ancient viruses buried in our genomes. Under 
certain circumstances, they revive and start 
producing mutated versions of themselves, 
triggering the immune system to attack and 
destroy neighbouring tissues. 

“Tt’s a wild new theory of disease,” says 
Cedric Feschotte, a molecular biologist at 
Cornell University in New York. And already 
it is pointing the way to newtreatments. 

Most viruses are only temporary visitors. 
They make us sick, but soon we either get 
better or we die. A century ago, however, 
biologist Peyton Rous’s discovery ofa 


S: fevers and unusual infections 
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cancer-causing virus provided the first clues 
that viruses can become resident in our DNA. 
The discovery began in 1910, when a woman 
knocked on his door at the Rockefeller Institute 
in New York, clutching her prized Plymouth 
Rock hen, which had a tumour called a sarcoma 
growing on its chest. Curious about its cause, 
Rous transplanted a small piece of the tumour 
into other chickens, and found that they 
developed a highly invasive cancer— even 
when the cancer cells and any accompanying 
bacteria were filtered out. The culprit was Rous 
sarcoma Virus (RSV),a member of a previously 
unknown group of viruses called retroviruses, 
which insert a copy of their genome into the 


“Viruses that have 
buried themselves 
in our DNA now 
occupy about 
8 per cent of our 
genome" 


DNA of the cells they infect. This means they can 
reproduce without making infectious particles 
that could tip off the host’s immune system— 
something other viruses can’t do. 

The discovery of retroviruses raised an 
intriguing possibility: if one were to infect 
a sperm or egg cell (see diagram, page 38), 
then viral DNA could be passed from parent 
to offspring through successive generations. 
Although scientists found no evidence that 
this happened with RSV, they soon identified 
several other retroviruses tucked away in 
the chicken genome. They named these 
endogenous retroviruses, because the 


BRIAN LAROSSA 


viruses came from within an animal. By the 
mid-1980s, we had found them in humans, too. 
The advent of genome sequencing in the 
1990s revealed just how common these 
viruses are. Ever since they first evolved about 
500 million years ago, countless retroviruses 
have buried themselves in the DNA of their 
hosts, to the extent that this ancient viral 
material now occupies about 8 per cent of the 
human genome. “You have to consider these 
viruses as a very, very old thing that happened 
to our ancestors millions of years ago,” says 
Patrick Kury, a neuroscientist at Heinrich 
Heine University Dusseldorfin Germany. 
Over the millennia, most of these viral genes 
have become so riddled with mutations that 
they have become the genetic equivalent of 
fossils: inert and semi-degraded. There area 
couple of exceptions. In humans, two families 
of retroviruses have been identified that, under 
certain circumstances, can reawaken and start 
producing small pieces of viral proteins that 
can activate the immune system. Not long after 
this discovery, signs started to emerge that 
these enemies within might be contributing 
to some relatively common human diseases. 
Some of the first evidence came from people 
with MS, an autoimmune condition in which 
the body’s own immune cells start attacking 
the protective sheath that wraps around nerve 
cells, disrupting the messages they transmit. 
In 1989, Hervé Perron at the University of Lyon 
in France discovered an unknown retrovirus 
in brain tissue taken from people with the 
condition. Further experiments showed 
that the source of this virus was the human 
genome itself. Perron initially named the virus 
MS-associated retrovirus, but later sequencing 
of its genome revealed that it belonged toa 
new family of human endogenous retroviruses 
(HERVs) that became called HERV-W. 
Perron’s work caught the eye of virologist 
Antonina Dolei at the University of Sassari 
in Sardinia, Italy. She begantesting people » 
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with no known conditions for traces of 
Perron’s retrovirus and discovered an active 
form of the virus in 12.5 per cent of the general 
population. She also tested 39 people with MS 
and found it in every one ofthem. Brain tissue 
from people who had MS when they died also 
revealed the presence of retroviral protein. 

“It was just incredible to see,” says Dolei. 

“If we can be aware of what’s actually going 
wrong in neurons, we can potentially change 
how MS is treated.” 

Dolei couldn’t initially determine whether 
Perron’s retrovirus was a cause of MS ora result 
of the disease process. But as she followed 
patients over time, she found that the amount 
of virus in the blood predicted the disease’s 
progression and severity. What’s more, the 
response to MS drugs and remission of 
symptoms correlated with reduced levels 
of retroviral proteins in the blood and the 
cerebrospinal fluid surrounding the brain 
and spinal cord. This suggested that HERV-W 
might somehow be playing a role. 


Frankenstein's molecules 


By the time that young man walked into Nath’s 
HIV clinic in 2005, evidence was also mounting 
for the role of HERV-W in schizophrenia. Hakan 
Karlsson, now at the Karolinska Institute in 
Stockholm, had identified traces ofa retroviral 
protein called pol in the cerebrospinal fluid 

of about a third of people he examined 

who had been recently diagnosed with 
schizophrenia. Again, the source seemed 

to be the individuals’ own DNA. 

As a retrovirologist, Nath had heard of 
Karlsson’s work, and, suspecting that his 
patient’s symptoms may have a similar cause, 
he approached Jeffrey Rothstein, an ALS expert 
who worked in a neighbouring lab. They 
started to examine brain tissue from 28 people 
who had had ALS when alive, and they detected 
RNA from a retrovirus called HERV-K in every 
single one. It was compelling evidence for the 


role of retroviruses in ALS, but still didn’t prove 


causation. Nath couldn’t rule out that dying 
nerve cells may have activated the virus. 

It was similarly unclear how such activation 
might be contributing to nerve cell damage 
in schizophrenia or MS. The baton was picked 
up by Kury, who had been studying the 
cascade of events leading to the degeneration 
of nerve cells in MS. Kury realised that the 
evidence for HERV-W contributing to MS was 
circumstantial at best. “The question in MS is 
always what comes first,” says Kury. “There 
has to be some trigger that sends the body 
towards an autoimmune response, but no 
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Viral hitch-hikers 


Ancient retroviruses hidden in our genomes can reawaken 
and contribute to conditions like multiple sclerosis 


A retrovirus inserts a copy 
of its genome into the 
DNA of cells it infects 


ie 


If the retrovirus infects sperm 
or egg cells, the viral genome 
can be passed to offspring and 
successive generations, 
potentially for millions of years 


Our cells work hard to keep viral genes inactive by 
preventing their translation into proteins. As long as 
they remain switched off, they don’t cause problems 
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"Studies suggest that 
our cells may be less 
able to keep these 
viral elements 
Suppressed during 
times of stress” 


one understands how this happens.” 

Kury realised that he would have to look 
at how HERV-W interacts with neighbouring 
brain cells. Using brain tissue from deceased 
MS patients, Kury and his colleagues showed 
that a HERV-W protein called ENV activates 
brain-based immune cells called microglia, 
which not only directly damage neurons, 
but also interfere with their repair. “Now that 
we've identified a protein, we can start to think 
about how to neutralise it with an antibody,” 
says Kury, who published the results last year. 

Although in some people with MS the body 
might be synthesising proteins from HERV-W 
and other endogenous retroviruses, Karlsson 
stresses that individuals aren’t producing a 
fully functional virus that can infect other 
people. Rather, it is something about the 
proteins produced and the body’s response to 
them that is the problem. In small studies of 
people with schizophrenia, scientists found 
slightly elevated levels of an inflammatory 
molecule called C-Reactive protein. This could 
indicate that, in some people, the immune 
system is responding to a virus. Karlsson still 
doesn’t know whether this is the result of 
endogenous retroviruses or how it might 
contribute to the condition. 

Despite mounting evidence for the role of 
retroviruses in common illnesses, questions 
remain. For one thing, it is still unclear what 
proportion of MS, ALS and schizophrenia 


cases are related to the reactivation of these 
ancient viral stowaways. Their existence also 
doesn’t rule out other potential causes. 

Another question is how we can carry copies 
of the viruses without feeling major ill effects. 
If HERV-W is thought to be buried in all our 
genomes, why does it only wake up and start 
causing problems in some people? 

Our cells work hard to prevent these viral 
genes from being translated into proteins. The 
cell twists DNA into a complicated 3D snarl, and 
its protein-making machinery can only access 
genes on the surface of this tangle. As long as 
the hidden viruses remain buried in the 
middle, they are effectively silenced. And if 
that isn’t enough, the body has proteins whose 
main job is to suppress the production of any 
endogenous retroviral proteins. The slow 
accumulation of genetic mutations over time 
adds an additional layer of protection as they 
often render the viral proteins non-functional. 

However, these fail-safes aren’t perfect, and 
studies suggest that our cells may be less able 
to keep these elements suppressed during 
times of stress. “When a cell is in crisis, it can 
make mistakes,” says Molly Gale Hammell, a 
geneticist at Cold Spring Harbor Laboratory in 
New York. One such source of stress is infection 
with another virus. 

Dolei notes that a disproportionate number 
of her MS patients report having experienced 
glandular fever (infectious mononucleosis) — 


caused by infection with the Epstein-Barr 
virus — as teenagers or young adults. Possibly, 
the infection triggers changes in DNA folding 
that leave some previously buried viruses 
exposed, prompting them to stagger to life like 
molecular versions of Frankenstein’s monster. 


In the case of people with HIV, their weakened 
immune systems may be less able to spot and 
destroy cells containing reactivated viruses. 


Internal warfare 


Allhumans have these fossil viruses in our 
DNA, and we all age and experience multiple 
infections, yet most of us will never develop 
MS, ALS or schizophrenia. Kury hypothesises 
that a combination of virus reactivation and 
a genetic predisposition is required to lead to 
illness. This may be bad news for individuals, 
but the reactivation of these clandestine 
viruses may also create the perfect Achilles’ 
heelin some of the conditions they cause. 

As an HIV doctor in the late 1980s and 
early 1990s, Nath had a front-row seat to the 
lifesaving power of antiretroviral drugs. He 
prescribed them to all his patients — including 
the young man with ALS. That the drugs 
decreased the amount of HIV in the man’s 
blood and boosted his T-cell counts was no 
surprise to Nath. But the rapid improvement 
of ALS-like symptoms in people with HIV 
hinted that these drugs might be effective 


against other retroviruses: the resurrected 
fossils in our genomes. He is now recruiting 
people for a small pilot study to test whether 
giving a cocktail of three antiretroviral drugs 
is beneficial to people with ALS who don’t 
have HIV and who have high levels of HERV-K 
activity. A recent study suggests that this group 
may comprise a fifth of people with ALS. 

Meanwhile, Hammell has used machine 
learning to analyse gene activity in brain cells 
from recently deceased ALS patients. Her 
analysis, published in October 2019 in Cell 
Reports, identified three subtypes of ALS, 
one of which was dominated by hidden 
viruses in the genome. 

Possibly the biggest advance has come 
from a Swiss pharmaceutical company called 
GeNeuro, which Perron established in 2006 
to develop new treatments for MS based on 
targeting retroviral proteins. GeNeuro is 
testing a drug called temelimab, which binds to 
the ENV protein from HERV-W and triggers its 
destruction. The results ofa trial in 270 people 
with MS, presented at a scientific conference 
last September, suggests that the drug slows 
the shrinkage of brain tissue by 40 per cent. 
This is one of the most destructive 
consequences of the disease, and may be 
what leads to irreversible neurological and 
cognitive impairments. With existing MS 
therapies doing little to slow disease, Dolei 
says temelimab represents a huge advance. 

The company has also begun testing 
temelimab in people with type 1 diabetes, 
another autoimmune condition, caused by the 
destruction of insulin-producing beta cells in 
the pancreas. The move comes after a 2017 study 
identified HERV-W activity in the pancreatic 
cells of about half of a group of people with 
type 1diabetes. And the firm is working on 
antibodies to treat ALS and certain types of 
psychosis related to schizophrenia that have 
also been associated with retrovirus activation. 

It is early days, but the development of such 
drugs could transform the war that has been 
raging between us and viruses since our 
earliest beginnings. “Our cells have been 
fighting these things over evolutionary time 
scales —battles they have mostly won, in the 
sense that we are still here,” says Hammell. 
With the drugs on our side we may win another 
important victory against the invisible 
enemies hidden in our genomes. &f 


2 


Carrie Arnold is a science 
writer based in Virginia 
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Features 


Lost in the wild 


People who go missing in the wilderness make terrible decisions, 
but their mistakes are strangely predictable, says Michael Bond 


ROOM THE AGENCY/ALAMY 
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BOUT 30 years ago, Ed Cornell, 
A: psychologist at the University 

of Alberta in Edmonton, took a call 
from the police officer leading a search for 
a 9-year-old boy. The boy had gone missing 
from a campsite some days earlier, and his 
footprints suggested he had headed in 
the direction ofa swamp a few kilometres 
away. The officer had one question: how 
far do lost 9-year-olds tend to travel? 

Cornell and his colleague Donald Heth 
had been studying wayfinding behaviour for 
several years, so they were the obvious people 
to ask. But when they started pondering it, 
they realised how little they knew — how little 
anyone knew - about lost children: how they 
behaved, the routes they took, the landmarks 
they used, how far they went. Cornell and Heth 
quickly reviewed relevant studies and told the 
officer as muchas they could. “His response 
shamed us,” they wrote afterwards. “‘Well, 
that’s not much. Don’t worry, doc, we may 
get a psychic out here today.” 

The way people behave when they are lost 
has always been a mystery, and searches were 
for along time essentially random. But over 
the past decades, Cornell and other experts 
have dissected the available data in an attempt 
to understand how adults and children 
behave when they lose their way. Their aim 
has been to bring science to bear on searches, 
combining behavioural studies, statistics and 
probability theory to increase the chances of 
finding people before it is too late. Although 
they have discovered that lost people behave 
in extraordinary and irrational ways, they have 
also found that such individuals share certain 
habits that might help others to find them. 

Search-and-rescue operations often involve 
scouring vast expanses of wilderness with 
limited resources, so anything that can help 
whittle down the area in which someone is 


most likely to be found is vital. That means 
knowing the landscape, of course, but also 
understanding how people behave when they 
are lost. The job of finding them is as much 

a psychological challenge as a geographical 
one. The trouble is that the behaviour of lost 
people is so confounding that predicting 
their movements is extremely hard. 

What is clear is that lost people rarely do 
much to help themselves. In fact, they are likely 
to make things worse by continuing to move, 
which substantially reduces the chances of 
being found alive. Kenneth Hill, a psychologist 
at Saint Mary’s University in Canada, says 
most lost people are stationary when rescuers 
reach them, but only because they have run 
themselves into the ground and are too tired 
or ill to continue. In a review of more than 
800 search-and-rescue cases from his home 
state of Nova Scotia, Hill found only two in 
which the person had stayed put: an 80-year-old 
woman out picking apples and an 11-year-old 
boy who had taken a survival course at school. 


“The extreme 
stress of being 
lost makes it 
impossible 
to reason” 


The urge to move is triggered by fear, which 
readies the body for flight from a threat by 
releasing hormones suchas adrenaline into 
the bloodstream. Fear of being lost is as visceral 
as our response to snakes, and appears to be 
hardwired in the human brain: millions of 
years of evolution have taught us that the 
experience tends not to end well. People who 
are truly lost are often convinced they are 
going to die. Understandably, they are terrified. 

This helps explain their erratic behaviour. 
The extreme stress of being lost makes it 
almost impossible to reason or figure out what 
to do. When fear kicks in, even experienced 
hikers fail to notice landmarks, or fail to 
remember them. They lose track of how far 
they have travelled. They feel claustrophobic, 
as if their surroundings are closing in on them. 
“Tt’s essentially a panic attack,” says Robert 
Koester, a search-and-rescue specialist based 
in Virginia with a background in neurobiology. 
“Ifyou are lost out in the woods, there is a 
chance you will die. That’s pretty real. You feel 
like you're separating from reality. You feel like 
you're going crazy.” 

It is pretty much impossible to run 
controlled experiments on people lost in the 
wilderness because of the genuine risk they 
could die. But there is plenty of evidence 
that high levels of stress affect the cognitive 
functions needed for wayfinding. Much of 
it comes from research on military recruits. 

In one study, Charles Morgan, a forensic 
psychiatrist at the University of New Haven 

in Connecticut, and his colleagues tested the 
mental performance of pilots and aircrew 
while confined in an oppressive mock 
prisoner-of-war camp. Their working memory 
and visuospatial processing — both of which are 
necessary for map-reading, spatial awareness 
and other navigation tasks — were found to be 
so poor that they were performing atalevel > 
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commonly seen in children under 10. 

Little wonder that search-and-rescue 
veterans tell of lost people walking trance-like 
past search parties, or running offand having to 
be chased down and tackled. That is a problem 
not only for those doing the searching, but 
also for researchers attempting to understand 
what goes through people’s minds when they 
are lost. Cornell has found it is difficult to 
interview someone right after they have been 
found because “they are basically scrambled”, 
with little recollection of what happened. 
“You'll never be able to figure out why lost 
people make their decisions,” says Richard 
Tomin, who worked for three decades asa 
search-and-rescue coordinator for the states 
of Vermont and Massachusetts. 


Finding patterns 


What science can do is identify predictable 
behaviours that could help rescuers narrow 
their search areas. You can usually take it for 
granted that your quarry has freaked out and 
ventured further into the unknown. What you 
really want to know is what they may have 
done next. To answer this, researchers have 
turned to the best data they can find: records 
from tens of thousands of searches in the US, 
Canada, Australia and the UK. They have 
focused on aspects of behaviour that are easy 
to measure, such as how far and for how long 
someone travels before being rescued, the 
degree to which they stray from their intended 
course, the type of place they end up and, 
crucially, whether or not they survive. 

The records suggest that certain tendencies 
are universal, intuitive to all humans in 
unfamiliar landscapes. We are all drawn to 
boundaries, such as the edge ofa field, a forest 
margin, a drainage ditch, a line of pylons or the 
shore of a lake. Overall, most lost people who 
are found alive end up in a building or on what 
rescuers call a travel aid: a road, track or path, 
say, or an animal trail. Rescuers now know 
to always scout out such features first. It is a 
strategy of probabilities: once you have ruled 
out the most likely places, the chances increase 
of finding someone elsewhere. 

But real cases also reveal that many 
predictable tendencies vary according to 
a person’s age and gender, their mental state 
and what they were doing when they got lost. 
Children are less likely than adults to keep 
moving, for instance, which explains why 
96 per cent of them are found alive compared 
with 73 per cent of adults. Children with 
autism, meanwhile, usually take refuge 
in some kind of structure, whether it is an 
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“When people 
with dementia 
get lost, they 
tend to head in 
a straight line” 


Understanding the 
way lost people 
behave can help 
rescue teams 
narrow their 
search areas 
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outbuilding, a shed or even a thick bush. 
People with dementia tend to headina 
straightline through whatever lies in their 
way. And solo male hikers, once lost, travel 
much further than any other category of 
missing person. They just keep on walking 
until someone finds them. 

In other words, different types of people 
get lost in different ways. This insight can 
make a big difference to a search coordinator, 
provided they have enough information about 
the person they are looking for. Taking into 
consideration the specifics of the person and 
the terrain, it is possible to estimate the area 
in which they are likely to be found or the 
route they may have taken, and then adjust 
that estimate as a search progresses. “The idea 
is to get inside their head and predict how 


they will behave in the situation they find 
themselves in,” says Dave Perkins at the Centre 
for Search Research in Northumberland, which 
collates missing person data in the UK. 

Although it is difficult to quantify success 
rates, most search-and-rescue coordinators are 
convinced that the use of statistics and a more 
scientific understanding of behaviour have 
improved the chances of finding lost people. 
But they are also quick to point out that 
locating a missing person alive often depends 
to a great extent on having even a few scraps 
of real-time information and a bit of luck. 

One case that illustrates this is that of 
Geraldine Largay, a 66-year-old who, in July 
2013, went missing in dense woodland near 
Redington in Maine while walking the 
Appalachian Trail. Despite the deployment 
ofa highly experienced search team and 
plentiful resources, including spotter planes 
and helicopters, she wasn’t found. The 
investigation didn’t turn up a single clue 
about what had happened to her until her 
remains were discovered two years later, 
still in her sleeping bag. The problem was 
that her rescuers had nothing tangible to 
go on, and no amount of science can make 
up fora lack of information. 

Largay had done everything right. When 
she realised she was lost and had no phone 
signal, she headed for high ground, where 
she was more likely to be spotted, pitched her 
tent and waited for help (see “Get found)”, 
above right). She didn’t know that a dog team 
passed within roughly 100 metres of her, that 
her campsite was less than a kilometre from 
the trail as the crow flies or that ifshe had 
walked downhill she would have soon reached 
an old railroad track that would have taken her, 
in either direction, out of the woods. 

Researchers striving to make such a tragic 
outcome less likely are handicapped by the fact 
that they can never be there when the action 
unfolds. They can learn something about the 
way lost children move, however, by observing 
them when they aren’t actually lost. Children 
tend to get lost while wandering aimlessly 
rather than heading for a destination, and 
watching them in action can be instructive. 

After Cornell’s deflating call from the 
police officer searching for the 9-year-old boy, 
heand Heth ran an experiment. They 
contacted the parents of 100 children aged 
between 3 and 13 who lived on the edge of 
the prairies and, with the full permission of 
everyone involved, asked each child to lead 
them to the furthest place from home they 
had visited on their own. Cornell and Heth 
followed behind, watching what they did, 


Get found! 


The important thing 

is to stop moving, at 
least for a while. Ralph 
Bagnold, a pioneer 

of desert exploration 
in North Africa in the 
1930s and 1940s, 
recalled being seized 
by “an extraordinarily 
powerful impulse” to 
carry on driving in any 
direction after losing 
his way in the Western 
desert in Egypt. “This 
psychological effect... 
has been the cause of 
nearly every desert 
disaster of recent 
years,” he wrote. “If one 


work out the problem 
of location.” 

If you think no one is 
coming, your first 
strategy should be to try 
to retrace your steps. 
This requires patience, 
which is difficult when 
you are terrified. It can 
also be psychologically 
challenging, because 
it can feel like you are 
moving further away 
from safety. Failing that, 
some outdoor experts 
recommend “direction 
sampling”: pick a 
landmark such as an 
outcrop or a large tree 


while keeping the hub 
in sight until you find 
something familiar. 
Another tactic is to 
climb a hill or tree so 
you can more easily 
spot distant landmarks. 
This can work if you 
have a map and know 
how to read it. 

It can be hard to 
make sensible decisions 
when you are lost by 
yourself, so many 
search-and-rescue 
experts urge people 
to buddy up when 
heading into the 
wilderness. The idea 


can stay still even for 
half an hour and have 
a meal or smoke a 


pipe, reason returns to spokes of the wheel 


recording their route and measuring distances. 
The children made all the decisions and could 


rest, walk home or call their parents whenever 
they wanted. 

The study was the first time anyone had cast 
a scientific eye over how children navigate. It 
turned up some surprising results. Their major 
finding was that children, when left to roam by 
themselves, travel much further than anyone, 
especially their parents, think they do — 22 per 
cent further, on average, than expected, and in 
some cases three or four times as far. But what 
really interested Cornell and Heth was how 
they travelled. None went to the target location 
directly. They wandered, dawdled, got 
distracted and took long, circuitous diversions. 

“They would climb a fire hydrant to get a 
better view, kick a pile of leaves, throw rocks or 


and treat it as the hub 
of an imaginary wheel, 
then walk out along the 
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is that with two of you, 
if the worst happens, 
you will be less scared 
and more rational. 


stop to watch a barbecue,” says Cornell. “They 
seemed to follow their natural inclinations. 
Many of them freely admitted they were offthe 
path they thought they knew.’ The researchers 
published their findings in the journal of the 
US National Association for Search and Rescue. 
As well as maximum distances, they included 
data on walking speed, likely direction of 

travel and other variables they felt might 

help rescuers estimate the path ofa lost child. 

Sometime later, Cornell again received a call 
from a police officer leading a search for a lost 
child. He prepared himself for the worst. While 
the chances of finding lost children were 
considerably better than when he and Heth 
had begun their research, the 9-year-old who 
had inspired their work had never been found 
and the loss still felt raw. 

But the officer had good news. He was calling 
to let Cornell know that his team had just 
found a missing 3-year-old boy, using the data 
he and Heth had published on likely distance 
travelled and favoured destinations — and 
when they found him, he was minutes away 
from dying of hypothermia. # 


Michael Bond is the author 

of Wayfinding: The art and 

science of how we find and 
lose our way (Picador) 
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Features Cover story 


An enigmatic mirror world 
could finally resolve the 
greatest mystery of our 
own — why it exists, says 
Richard Webb 


S € 

rr - o URE, the big bang is cool, in a hot sort 

nh Cc ) } l J mM a e I of way. The beginning ofall things. 
Space, time, matter and energy bursting 


into existence from a pinprick of infinite 
temperature and density. Space racing away 


] 
from itself faster than the speed of light. 
| ‘ Maybe even the making ofa multiverse. 
But asecond moment shortly afterwards 


doesn’t get half the press. Perhaps that is 
because it is when precisely nothing happened. 
Call it an anti-moment. 

It is when all the matter that suddenly and 
inexplicably came into being in the big bang 
equally suddenly and inexplicably failed to go 
out of being again. When it didn’t cease to be 
available to create stars, galaxies, planets, an 
unquantified quantity of questioning life and, 
on one world at least, some highly embarrassed 
physicists who predicted exactly that. “The 
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fact that we are a world completely dominated 
by matter is completely un-understood,” says 
Chloé Malbrunot at particle physics lab CERN, 
near Geneva, Switzerland. “Theory says we 
shouldn't be here.” 

After decades trying to understand why 
we are here, we could now be nearing a 
breakthrough on multiple fronts. And the 
answer probably isn’t the one we first thought 
of. There is even a slim chance it could explain 
not only what happened after the big bang, 
but also great mysteries of our universe today, 
suchas the nature of dark matter and dark 
energy. “We are just one experiment away 
from a revolution in our understanding,” 
says Jeffrey Hangst at CERN. “That’s what 
makes this so cool.” 

At this story’s heart lies perhaps the most 
bizarre stuffin physics — antimatter. It was 


FRANCESCO BONGIORNI 


conceived by physicist Paul Dirac on the back 
ofa theoretical envelope in 1928, only for 
others later to discover it was real. Antimatter 
represents a perplexing duplication of effort 
on nature’s part: a parallel world of stuff that 
looks just the same as normal matter, but 
which is oppositely charged and works like 
matter viewed in a mirror (see “What is 
antimatter?”, page 46). 

But that isn’t the strangest thing. “The 
science-fiction part is that these two things 
can’t coexist,” says Hangst. Whenever an 
antiparticle meets a twin matter particle, 
they “annihilate” in a puff of light and energy. 

This becomes a big problem when you 
wind back 13.8 billion years to the big bang. 
The standard model of particle physics, our 
best theory of matter and its workings, is 
underpinned by the quantum field theories 


“What makes 


antimatter 
different? 
Answering 

that is key to 
working out 
why we're here” 


that Dirac and many others developed. It 
depicts empty space as a roiling quantum 
vacuum of particles and antiparticles that pop 
up as pairs, and confidently predicts that the 
big bang created equal quantities of matter 
and antimatter. They would have indulged in 
cyclical orgies of annihilation and recreation 
until the cooling, expanding universe could 
no longer supply enough energy for this, at 
which point... not alot happened. Certainly, 
the material universe of stars and galaxies 
and planets failed to materialise. 

But the fact that we exist to raise an eyebrow 
at this prediction is the only rebuke it needs. 
We are beings made of matter, living ina 
material world, while antimatter is reduced 
to an eternal bit-part player (see “Everyday 
antimatter,’ page 48). One conservative 
solution is that the antimatter isn’t gone, 
it is just hiding, with far-flung regions ofthe 
universe made entirely of antimatter. The 
trouble is, you would be able to see the joins: 
long, thin seams of gamma-ray light produced 
by the annihilation of matter and antimatter 
wherever two opposing regions met. “We’ve 
never seen any signal like that from anywhere,” 
says Marco Gersabeck at the University of 
Manchester, UK, and CERN’s LHCb experiment. 

More than halfa century ago, the discovery 
of aphenomenon called CP violation gave 
ahint ofa plausible alternative. The idea was 
that, since matter and antimatter were just 
mirror versions of one another, if you swapped 
particles for antiparticles in any process — and 
therefore broke charge, or “C” symmetry — 
while simultaneously looking at things ina 
mirror, breaking parity or “P” symmetry, the 
particles would behave in exactly the same 
way as if you had done neither of those things. 

In 1964, investigations of particles known as 
kaons and their antiparticles showed that this 
wasn’t quite the case. Perfect CP symmetry — 
and the naive picture of matter and antimatter 
as perfect mirrors — didn’t hold. That raised 
many more questions. “What makes > 
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antimatter different? Are some types of 
antimatter more different than others, and 
why should this be? Are there other types of 
antimatter, corresponding to new types of 
matter we haven't discovered yet?” asks Tara 
Shears at the University of Liverpool, UK, and 
LHCb. Answering those questions is the key to 
working out why we are here now. 

Theorists later found that CP violation among 
kaons could be explained if three heavier, 
unknown particles were disrupting them. All 
three of these particles have since been found — 
the bottom, charm and top quarks — and their 
presence, along with CP violation, isnowa 
mainstay of the standard model. 

Those particles also provide new sources of 
CP violation. In the intervening half-century, 
we have measured all the main predicted 
sources, with LHCb measuring the last, among 
charm quarks, just last year. “Now the whole 
thing looks completely understood, and all is 
well,” says Gersabeck. 

There is just one teensy problem. Patterns 
in the cosmic microwave background, the 
leftover radiation from the big bang, combined 
with calculations of the number of galaxies that 
must exist, tell us the early matter-antimatter 


imbalance we need to explain today’s matter 
domination. It is tiny— about one part ina 
billion. But the CP violation we have found so 
far doesn’t account even for a billionth of that. 


Wishful thinking 


Perhaps there are unknown sources of 

CP violation. In 2017, the LHCb experiment 
saw an unexpected hint of the effect among 
heavier versions of protons and neutrons. 
Ifthe elusive particles known as neutrinos are 
their own antiparticles, that would also allow 
extremely rare processes to supply an extra 
source of asymmetry. 

But to expect such small, unconfirmed 
effects to account for the current huge 
mismatch seems like wishful thinking. Here 
the antimatter problem meets a wider malaise 
in fundamental physics. “At the moment, we’re 
at quite a curious place because we've found 
all the particles of the standard model and 
it looks like the standard model can explain 
everything, including CP violation,” says 
Gersabeck. “But at the same time, we know 
it’s not right and there is other stuff out there.” 

Stufflike dark matter, for example, the 


What is antimatter? 


The most basic definition 
of an antimatter particle is 


radioactive beta decay, 
respectively. Each of 


thatitisthesameasamatter these forces has a charge 


particle, except that it has 
the opposite charge. So the 
familiar electron, for example, 
with a negative charge -1, 
has an antimatter equivalent 
called a positron that has a 
charge of +1. 

Acomplicating factor 
is that “charge” doesn't 
just mean the familiar, 
everyday electric charge. 
Three fundamental forces 
are covered by particle 
physicists’ standard model: 
electromagnetism, and the 
strong and weak nuclear 
forces, which govern the 
interactions of the quarks 
within protons and neutrons 
and processes such as 
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associated with it, and 
antimatter particles have 
opposite values for these 
charges, too. 

Not every particle has 
an antimatter equivalent, 
either. Particles called 
bosons transmit influences 
rather than respond to 
them, and these tend to 
be their own antiparticles. 
These include photons 
and the mass-giving 
Higgs boson. And to date, 
no one has been able to 
establish whether neutrinos, 
the most elusive of matter 
particles, and their partner 
antineutrinos are different, 
or the same thing. 


mysterious entity that makes up most of the 
gravitating matter in the universe. The Large 
Hadron Collider (LHC) at CERN was partly 
conceived to make heavy dark-matter particles 
in its high-energy collisions. But it has found 
diddly-squat besides the Higgs boson, the 
mass-giving particle discovered in 2012. 

The machine is currently on sabbatical until 
2021, undergoing an upgrade in the number of 
collisions it can produce. When it returns, the 
precise measurements of rare processes that 
LHCb specialises in will offer a chance to solve 
the antimatter and dark matter problems -— 
not by manufacturing new particles, but 
by measuring their ghostly influence on 
already-known ones. 

This is the physics equivalent of reaching up 
a hand to have arummage around ona shelf 
you can’t actually see. “With some of these 
measurements, we can access mass scales for 
hypothetical particles two or three orders of 
magnitude beyond the reach of the LHC for 
producing them directly,” says Gersabeck. 

“It’s a very, very powerful search tool to cover 
a huge lot of ground.” 

The hope is that these heavier particles could 
be sources of CP violation, in effect repeating 
the trick that solved the kaon problem. But 
there is no guarantee. “We've got a few hints 
here or there of things that might be going 
on, but nothing firm,” says Gersabeck. 

A few kilometres due west of LHCb, 
Malbrunot, Hangst and others are betting on 
a different approach. Rather than searching 
for new physics at very high energies, says 
Hangst, “we decide to look really carefully 
at things we think we understand, and see 
if maybe we’ve overlooked something”. 

Hidden down a side road on CERN’s main 
site, Building 393 seems an implausible 
portal to a parallel world of matter. Its grey, 
corrugated metal walls, roll-up lorry delivery 
bay and asphalt car park surroundings give it 
a shabby late 20th-century industrial estate 
chic. Only a sign above the entrance saying 
“ANTIMATTER FACTORY” gives the game away. 

It expresses an aspiration only now 
becoming reality: to solve the antimatter 
mystery by making large quantities of whole 
anti-atoms. All the differences between matter 
and antimatter come about because they 
have opposite charges, so the idea is to cancel 
those differences by taking oppositely charged 
antimatter particles and making neutral atoms 
out of them. An atom of antihydrogen, the 
simplest imaginable anti-atom, should work 
exactly like a conventional hydrogen atom. 

Ifit doesn’t, nature’s most profound 
symmetry is broken: CPT symmetry. This adds 


DAVE STOCK FOR NEW SCIENTIST 


Fa 


CERN’s Antimatter 
Factory is a portal 
to a mirror world 


time reversal, or “T”, symmetry to the CP mix. 
If particles swap charges and their orientation 
in both space and time — ifthe universe is 
completely mirrored — then the laws of physics 
should work the same way. This assumption 
lies at the heart of relativity and the quantum 
field theories underlying the standard model. 
“If we find any difference, that would have 
dramatic impacts on physics,” says Malbrunot. 

The problem is working with antiparticles, 
with their penchant for going up in smoke. 

To stand a chance, the Antimatter Factory is 
doing the opposite of what CERN is famous for: 
slowing particles down. A dedicated machine, 
the Antiproton Decelerator, is fed antiprotons 
and calms them so they can begin to create 
stable unions with positrons, and so form 
stable antihydrogen atoms. 

A predecessor to the Antiproton Decelerator 
at CERN, known as LEAR, first manufactured 
antihydrogen atoms in 1995, but only in 
small quantities, and for very short times, 
and jiggling about too much to do precise 
measurements on them. Malbrunot’s 
experiment, ASACUSA, has been trying to 
solve these problems by making a de-excited 
antihydrogen beam that can be investigated 
by tickling it gently in flight with laser light. 
The collaboration reported the first tentative 
signs of success in 2014 — and just recently, 
more certain signs. “Right now, we are about 
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to show we have succeeded in forming 


antihydrogen in this new way,” says Malbrunot. 


Meanwhile, Hangst’s ALPHA experiment 
has stolen a march. Its approach is to cool 
antihydrogen atoms to within a whisker of 
absolute zero and hold them in suspended 
animation. Its best effort is trapping more than 
1000 of them at once. “At every step of this, 
people said that this would never work,” says 
Hangst. “You would never make antihydrogen, 
if you made it, you would never trap it. Ifyou 
trapped it, you would never have enough. 
And now we have all those things, but all that 
has taken about 30 years, and it’s only really 
worked in the last three.” 

In 2018, the ALPHA collaboration published 
its first comparative measurement of the 


“If we find any 
difference 
between atoms 
and anti-atoms 
that would have 
dramatic impacts 
on physics” 


frequency ofa “hyperfine” transition between 
two positron states in antihydrogen, showing 
agreement with the hydrogen value to a couple 
of parts ina trillion. That might sound like 
conclusive evidence of nothing doing, but 

the hydrogen transition has been measured 
to 1000 times better precision, meaning 

there is still plenty ofroom for discrepancy. 

Just last week, the team published a 
measurement of the even tinier “Lamb shift” 
in antihydrogen. This effect is caused by 
energy fluctuations in the quantum vacuum, 
and should be very sensitive to any signs 
of unknown physics. Again, there was 
no measurable difference compared with 
hydrogen — but any definitive statement would 
require much more sensitive measurements. 

In late 2018, however, the Antiproton 
Decelerator was switched off to be hooked 
up to anew machine, the Extra Low Energy 
Antiproton ring, or ELENA. Long-term, ELENA 
will enable antiprotons to be slowed even 
more, increasing by between 10 and 100 times 
the number that experiments can play with. 
For Hangst, it was a blow. “They shut us down 
at the worst possible time,” he says. “We were 
just getting really mature with all of this.” 

The beefed-up machine should be turned on 
again early in 2021. With it will come not just 
better measurements of antihydrogen, but also 
the answer to an even bigger question —one 
that could render all the previous discussion 
redundant. Does antimatter fall down, or up? 

Again, there are strong suppositions. “A huge 
majority of theoretical physicists, perhaps 
too huge to be right, believes antimatter falls 
the same way as matter,” says CERN theorist 
Dragan Hajdukovic. Ifit turns out that it 
instead falls up, everything is to play for. 

“Tt would really turn everything on its head 
from the instant of the big bang,” says Hangst. 

For a start, it means that anyone aiming to 
explain matter’s dominance in our universe 
through the breaking of fundamental 
symmetries might be chasing shadows. 

If matter and antimatter fall in opposite 
directions, they probably also repel each 
other gravitationally. In that case, they could 
have chased each other away to opposite 
ends of the universe before having a chance 
to annihilate each other. The option that 
antimatter is just hiding, now lurking beyond 
the horizon of our observable universe, is 
back on the table. “You could potentially 
imagine that matter and antimatter early 
on have completely separated because of 
some antigravity,’ says Malbrunot. 

The electromagnetic force is far more potent 
than gravity on small scales,sotomeasure » 
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“If it turns out that 
antimatter falls 
up, everything 
we know about 
the universe 
would be to 
play for” 


how antimatter responds to gravity, we need 
anti-atoms to be electrically neutral. As soon as 
Hangst and his team made their antihydrogen- 
trapping breakthrough in 2018, they activated 
plans to essentially tip their horizontal 
trapping apparatus at right angles to function 
as a gravity detector, dubbed ALPHA-G. “I’ve 
worked harder during that stretch in my life 
than any other time,” says Hangst. “We started 
in May and worked seven-day weeks until the 
middle of November.” But at that point, with 
just a couple of weeks more needed to make 
their first measurements, the valve supplying 
the antiprotons was turned off. “It was so 
frustrating, you have no idea.” 


Everyday antimatter 


Antimatter exists in our 
world - you just have to 
be very alert to spot it. 

Everyday antimatter 
generally takes the form of 
antimatter electrons, known 
as positrons, produced in 
radioactive beta decays. These 
positrons lead transient lives 
before annihilating with the 
first electron they encounter, 
producing energy in the form 
of gamma rays. 

Like the occasional 
breaking of the most delicate 
of winds, we all emit the 
occasional positron, thanks 
largely to traces of radioactive 
potassium-40 in our tissues. 
A medium-sized banana 
produces one maybe every 
75 minutes. A bag of Brazil 
nuts, or a worktop or bedrock 
made of granite, ups the ante 
considerably. 

None of this is a danger 
to us. The energy released by 
each annihilation amounts to 


to propel humanity further, 
such as antimatter drives or 
rockets, or blow us to kingdom 
come, such as antimatter 
bombs, aren't exactly 
immediate prospects. 
The total energy of stable 
antimatter contained so far 
over decades of experiments 
isn't enough even to boil the 
water for a cup of tea. Plus, 
you would need a vessel a 
couple of hundred metres 
across to hold it in place. 

So what is antimatter 
good for? That is one of 
the favourite questions of 
Tara Shears at CERN’s LHCb 
experiment. “Antimatter is 
really esoteric, isn’t it?” she 
says. “You probably don’t 
expect antimatter to help 
diagnose cancer or help with 
heart problems, or have any 
practical benefit at all - but 
it does.” Positrons make up 
the P in a PET scan, which 
stands for positron emission 


precisely two electronmasses, tomography. Here the 


or 1.022 megaelectronvolts - 
in the standard units of very 
small energies, considerably 
less than one millionth of the 
energy of a flying mosquito. 
It follows that technologies 
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annihilation emissions of 
positrons in the radioactive 
tracer you swallow can 
illuminate all sorts of potential 
internal nasties. “That's really 
useful,” says Shears. 


Hangst isn’t the only one gagging for the 
antiprotons to come back on stream, due for 
early 2021. Another detector that Malbrunot 
is working on, AEGIS, and a third experiment, 
GBAR, are also gearing up to confirm whether 
antimatter falls up or down, and also answer 
the much more fiddly question of whether 
matter and antimatter feel the same strength 
of gravitational force. 

Any deviation from expectations would 
have huge repercussions. Hajdukovic has 
shown how the existence of two opposing 
gravitational charges would allow the 
quantum vacuum itself to become a source of 
attractive and repulsive gravitational effects. 
That might account for both why there seems 
to be a lot of gravitating stuff out there that we 
can’t see— dark matter—and a mysterious force 
that seems to be speeding up the expansion 
of empty space, which we call dark energy. 

Black holes sucking in matter could then 
also be white holes spewing out antimatter. 
Hajdukovic¢ says the possible new source 
of antimatter could explain strange 
excesses of high-energy positrons and 
antiprotons observed in cosmic rays, as well 
as very-high-energy neutrinos seen coming 
from our galaxy’s centre by the IceCube 
detector in Antarctica back in 2014. 

Existence of two opposing gravitational 
poles might even lend weight to the idea 
that the big bang wasn’t a beginning, but 
the latest in a series of cycling matter and 
antimatter universes. “Antimatter gravity 
experiments might be much more thana 
measurement of the gravitational acceleration 
of antimatter,” says Hajdukovic¢. “They might 
open a window towards a new physics and 
anew model of the universe.” 

Or perhaps not. When the upgraded LHC 
and ELENA machines switch on next year, 
their antimatter investigations could bring 
a radical new understanding of how our 
universe works, and how we come to be in it. 
Or it could be, well, an anti-moment, one that 
sends us back to the drawing board in our 
quest to make sense of reality. 

Hangst is philosophical. “In one direction, 
you win the Nobel prize, in the other, people 
say, ‘OK, well, we told you so””” says Hangst. 
“These are very challenging experiments, 
and it’s rewarding to succeed no matter 
what answer you get.” I 


Richard Webb is executive 
editor of New Scientist 


Recruitment THE UNIVERSITY OF 


TENNESSEE 


ce HEALTH SCIENCE CENTER. 


lees POSTDOCTORAL POSITION - Vascular smooth muscle 
and endothelial cell ion channels 


NIH-funded postdoctoral position immediately available to study 
physiological functions and pathological alterations in arterial 
smooth muscle and endothelial cell ion channels. Projects include 
studying blood pressure regulation by ion channels and regulation 
of trafficking, signaling and functions of TRP, BKca, K v and voltage- 
dependent Ca** channels, similar to studies we have recently 
published (Kidd et al. Science Signaling 2015, Leo et al. Science 
Signaling 2017, Bulley et al. eLife 2018, Hasan et al. PNAS, 
2019). Techniques in the laboratory include, RT-PCR, Western 
blotting, biotinylation, immunofluorescence, FRET, patch-clamp 
electrophysiology, calcium imaging, pressurized artery myography, 
blood pressure telemetry and conditional knockout mouse models. 
Experience with molecular biology, ion channel biochemistry, patch 
clamp electrophysiology, and cardiovascular physiology preferred. 
Required qualifications include a PhD or MD in Physiology or a 
related field. 


Send curriculum vitae and names and addresses of three references 
to Dr. Jonathan H. Jaggar, Maury Bronstein Endowed Professor 
of Physiology, Department of Physiology, University of Tennessee 
Health Science Center, 894 Union Avenue, Memphis, TN 38163, 
USA. jjaggar@uthsc.edu. _https://www.uthsc.edu/physiology/ 
faculty /jjaggar. php 


The University of Tennessee is an EEO/AA/Title VI/Title IX/Section 
504/ADA/ADEA employer. 


Putting brilliant 


minds to work Intelligence Community Postdoctoral 


Research Program Fellowship Program 


, 2 : The Intelligence Community (IC) Postdoctoral Research Fellowship 
Sign up, create your own job alerts and discover Program offers scientists and engineers from a wide variety of 
the very best opportunities in STEM at disciplines unique opportunities to conduct research in a wide range of 
topics relevant to the Intelligence Community. The research is conducted 
by the Postdocs, while working in partnership with a Research Advisor 
and collaborating with an advisor from the Intelligence Community. 


In partnership with the Research Advisor, the Postdoc composes and 

submits a technical proposal that responds to a research opportunity 

identified at: 
https://orise.orau.gov/icpostdoc/current-opportunities.html 


Award Details: 


- Annual stipends range from $75,000 to 
$79,000, depending on research location 
- Annual travel budget of up to $6,000 
+ Appointments for 2 years, and option 
to extend for a third year s 
* Host institutions receive an annual 
laboratory budget of up to $5,000 : 
- Research Advisors receive a $10,000 stipend 
Recruitment advertising and an annual travel budget of up to-S2,000 
Tel +44 (0)20 7611 1204 
Email nssales@newscientist.com Postdoc Eligibility: 


U.S. citizenship required 


@science_jobs #sciencejobs Ph.D. received within 5 years of the application deadline 


To learn more and to apply, please visit 
https://orise.orau.gov/icpostdoc/ 


Applications Accepted January 6 - February 28, 2020 
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Marine 
Biological 
Laboratory 


THE UNIVERSITY OI 

B CHICAGO 
The Ecosystems Center of the Marine Biological Laboratory (MBL) 
is hiring faculty at all levels to expand our program in coastal 
ecosystems ecology. Scientists with an interest in collaborative, 
interdisciplinary studies on coastal estuaries, bays, marshes, 
and/or coastal watersheds across the globe will be considered. 
Applicants from communities underrepresented in science, or with 
a strong history of service to these communities, are particularly 
encouraged. Candidates applying at the Associate or Senior level 
should demonstrate the potential to take a leadership role in the 
Plum Island Ecosystems Long-Term Ecological Research program 
(pie-lter.ecosystems.mbl.edu/) or the Semester in Environmental 
Science (mbl.edu/ses/). We seek candidates with diverse areas 
of research expertise, including, but not limited to, biogeochemistry 
and its controls, trophic interactions, ecological modeling, and 
community and ecosystem ecology. Top priority will be given to 
candidates demonstrating interest in conducting research within 
the broad context of global climate change and other anthropogenic 
influences on the coastal zone. 


The Ecosystems Center (mbl.edu/ecosystems/) was founded four 
decades ago to investigate the structure and functioning of ecological 
systems and predict their responses to changing environmental 
conditions. The current faculty is highly collaborative, with strength 
in biogeochemistry, ecological modeling, microbial ecology, 
microbial dynamics, plant-soil interactions, coastal processes, 
and adaption to life on land (mbl.edu/ecosystems/faculty/). 
Ecosystems faculty also collaborate with other groups at MBL with 
expertise in molecular evolution, functional genomics, microbial 
diversity, developmental and regenerative biology, bioinformatics, 
and advanced imaging techniques. MBLs initiative in coastal 
ecosystems ecology complements other strategic initiatives at 
MBL involving microbiome research, the development of aquatic 
organisms as new research tools, and advanced imaging and 
image analysis. The MBL is an affiliate of the University of Chicago 
and an Equal Opportunity/Affirmative Action employer committed 
to diversity. All qualified applicants will receive consideration for 
employment without regard to race, color, religion, sex, national 
origin, disability, gender identity, sexual orientation or protected 
veteran status. 


Qualifications: 


Applicants must hold a Ph.D. (or equivalent advanced degree) 
in a relevant field. The successful candidate will demonstrate 
an interest in collaborative, interdisciplinary work, as well as a 
strong potential for establishing a vigorous extramurally supported 
research program that can complement existing areas of strength. 


Applications should be submitted at https://academicjobsonline. 
org/ajo/jobs/15843 


Applications received by March 15 will receive full consideration; 
however, applications will be accepted until the position is filled. 
Inquiries about the position should be directed to Dr. Anne Giblin, 
Chair of the Search Committee (agiblin@mbl.edu). 
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Northeastern 
University 


Assistant/Associate/Full Teaching Professor 
- Electrical and Computer Engineering - 
Robotics 


About the Opportunity: 


The Department of Electrical and Computer Engineering at Northeastern 
University invites applications for Assistant/Associate/Full Teaching 
Professor with a focus on Robotics 


Responsibilities: 


Northeastern University’s Department of Electrical & Computer Engineering 
seeks outstanding candidates for the position of Assistant/associate/ 
full teaching professor with a focus on Robotics. This is a full-time, 
benefits-eligible, non-tenure-track position. Appointments are made on 
an annual 8-month basis, with salary commensurate with experience. 
The position of Assistant Teaching professor entails educational 
interaction with students in roles including, but not limited to, traditional 
instruction (lecture courses, lab courses), curriculum development, and 
student advising. The main responsibility of this position is teaching 
courses related to robotics, including kinematics, dynamics, and control 
of robots, design of microprocessor-based control systems, sensory 
devices, output actuators, numerical methods, state estimation, 
control, perception, localization and mapping, motion planning, and 
the ROS (Robotic Operating System) environment. Also expected to 
teach courses in embedded systems, digital logic design, computer 
organization and/or programming. 


The annual teaching course load is six courses, with the potential for 
teaching more than one section of a course in the same semester, over 
Fall and Spring semesters. Courses may be at both the undergraduate 
and graduate levels. 


Qualifications: 


A PhD in Computer Engineering, Electrical Engineering, Computer 
Science, teaching experience, is required. Candidates should have 
demonstrated experience robotics and related subareas. At least 
2 years’ experience in teaching at the college/university level is 
recommended. Excellent written and oral communication skills are 
required. Industrial experience is desirable, but not required. 


Application should include a cover letter, CV, teaching statement, 3 
references. Asample syllabus from a previously taught class is optional 
but recommended. 


Salary Grade: FAC 
Additional Information: 


Northeastern University is an equal opportunity employer, seeking to 
recruit and support a broadly diverse community of faculty and staff. 
Northeastern values and celebrates diversity in all its forms and strives 
to foster an inclusive culture built on respect that affirms inter-group 
relations and builds cohesion. 


All qualified applicants are encouraged to apply and will receive 
consideration for employment without regard to race, religion, color, 
national origin, age, sex, sexual orientation, disability status, or any 
other characteristic protected by applicable law. 


To learn more about Northeastern University’s commitment and support 
of diversity and inclusion, please see www.northeastern.edu/diversity 


To apply, visit https://apptrkr.com/1784885 
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Sam Wongis social media 
editor at New Scientist. 
Follow him @samwong1 


What you need 

Large jar 

Cabbage (any variety will do) 
Spring onion 

Salt 

Garlic 

Ginger 

Chilli 


Fornext week 

White and wholemeal flour 
Water 

Salt 

Glass jar, casserole pot 


Nextin the series 

1Caramelising onions 

2 Making cheese 

3 Science of crispiness 

4 Tofu and Sichuan pepper 

5 Gravlax and curing 

6 Tempering chocolate 

7 Umami and flavour 

8 Perfect pancakes 

9 Kimchi and fermentation 

10 Sourdough bread 
Harness wild yeast 
to make bread 


Science of cooking Week 9 


Make friends with microbes 


Encourage the growth of a special bacterial ecosystem and you 
have a tasty way to preserve vegetables, says Sam Wong 


USUALLY we strive to avoid letting 
microbes colonise our food. But 
not all of them are bad for us, 

and many cuisines preserve food 
by encouraging the growth of 
non-harmful microbes and 
discouraging the bad ones. We call 
this fermentation. Kimchi, a staple 
food in Korea, is a prime example. 

In this case, the microbes we 
want to cultivate are principally 
lactic acid bacteria (LAB). These are 
hardy — able to tolerate acidic, salty 
and low-oxygen conditions. They 
make lactic acid as a result of their 
metabolism and this, along with 
the salt used to make kimchi, kills 
most other bacteria and allows 
LAB to dominate. 

As fermentation progresses, 
some bacteria flourish and then 
are supplanted by others. Lactic 
acid levels rise, so the most 
acid-tolerant microbes come 
to dominate. The most abundant 
in amature ferment is typically 
Lactobacillus plantarum. Once this 
species has become established, 
the kimchi should also be acidic 
enough to keep pathogens at bay. 

LAB are found in very low 
numbers on growing vegetables 
under normal conditions and 
make up less than 1 per cent 
of bacteria in soil or on farms. 
When cabbages are grown in 
sterile conditions and inoculated 
with LAB, the bacteria won’t 
persist on them, according to 
microbiologist Ben Wolfe at Tufts 
University in Massachusetts. 

So where do they come from? 
Wolfe told Gastropod, a US food 
science podcast, that his team are 
testing the idea that insects bring 
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them to cabbages, and they may 
reside mainly in insects’ guts. 

In whatever way they get there, 
the cast of microbial characters 
will be different in every jar of 
kimchi, depending on the 
vegetables, where they were 
grown and the kitchen. Along with 
lactic acid, the bacteria produce 
carbon dioxide, aceticacid anda 
range of flavour compounds that 
give kimchi its complex, tangy 
character. You can make kimchi 
witha variety of vegetables, but 
cabbage kimchi is the best known. 

To make your own, chopa 
cabbage into small, evenly sized 
pieces and put in a large bowl. For 
every 400 grams of cabbage, adda 
teaspoon of finely ground salt and 
mix well, pressing and squeezing 


Science of cooking online 
All projects are posted at 
newscientist.com/cooking Email: cooking@newscientist.com 


the cabbage until water leaches 
out. Chop a few spring onions, 
some cloves of garlicanda piece of 
ginger and add these, along with 
some Korean chilli flakes, known 
as gochugaru, or chilli powder. 

Pack the mix tightly into a large 
jar. The vegetables should be fully 
submerged —if not, add more 
water and press down on them. 
Leave some space at the top for the 
CO; that will build up, and release 
the pressure every couple of days. 

Leave the jar somewhere cool. 
After a week, have a taste. Ifyou 
like the taste, move it to the fridge, 
or leave it for a few more days for 
the flavour to develop further. It 
will keep for a couple of months in 
the fridge, but will become more 
sour over time. | 
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The back pages Puzzles 


Quick crossword #52 Set by Richard Smyth 
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ACROSS 

Ovoid bacterium (6) 

Binary compound of 

a pnictogen (8) 

9 City on which Fat Man 
was dropped on 9 August, 
1945 (8) 

10 Bone of the lower leg (6) 

11 Meteor (8,4) 

13 Soft clay mineral (4) 

14 Experimental weapons 
using Tadarida 
brasiliensis (3,5) 


ue 


DOWN 

2 Egg-shaped figure (4) 

3 Ofmechanics, not 
quantum (9) 

4 Umbra(6) 

5 Artificially generated 
bodily tissue (9,6) 

6 ~(8) 

7 Andrew Blum book on 
internet infrastructure (5) 


17 Able to do more work given 
more resources (8) 

18 Ladies’ fingers (4) 

20 Late 1970s sci-fi 
thriller (9,3) 

23 Two-terminal electronic 
components (6) 

24 Process leading to low 
blood pH (8) 

25 0.5 and 3.14, for 
example (8) 

26 Palpebra (6) 


8 Roller with coin-shaped 
spots on its wings (10) 

12 Carbohydrate (10) 

15 Result of O, depletion (5,44) 

16 First point of a 
coordinate (8) 

19 Trig function (6) 

21 Spokes (5) 

22 Bird in the genus Apteryx (4) 


Answers and the next cryptic crossword next week. 
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Quick quiz #40 


1 Asidereal year is the time 
Earth takes to orbit the sun 
with respect to the stars, and 
a solar year is the time the 
sun takes to reach the same 
point in its annual cycle as 
seen from Earth. Which is 
currently longer? 


2 What name is given to the 
phenomenon that causes 
this difference? 


3 In England, which of these 
years had no 29 February: 
1600, 1700, 1800, 
1900, 2000? 


& Leap seconds are added to 
compensate for the drift of 
astronomical time from time 
marked out by atomic clocks. 
How many have been added 
since the first in 1972? 


5 Atomic time is defined by 
what tiny sort of leap that in 
common parlance has come 
to mean a very big one? 


Answers below 


Cryptic 
Crossword #25 
Answers 


ACROSS 7 Yemeni, 8 Plover, 
9 Deli, LO Epidemic, 

11 Y-fronts, 13 Elder, 

15 Canto, 17 Topsoil, 

20 Sturgeon, 211 Line, 

23 Covert, 24 Dengue 


DOWN 1 Meme, 2 Merino, 
3 Pipette, 4 Optic, 5 Boreal, 
6 Beriberi, 12 Fraction, 

14 Tornado, 16 Turkey, 

18 Splint, 19 Delta, 22 Noun 


Quick quiz #40 
Answers 
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Puzzle set by Hugh Hunt 


#48 Seeing red 


The traffic lights near me are annoying: 
they are green for just 10 seconds and red 
for 90 seconds. I go through them only 
on green on my bike every day and I first 
see the lights as | approach around a bend 
when lam 15 seconds away. | get upset 
if | miss a green light that I could have got 
through. I can speed up by about 25 per 
cent or! can slow down. What should my 
strategy be if the lights are green when! 
first see them? And what if they are red? 
And how often might I get upset? 


Answer next week 


#47 Geometra’s tomb 
Solution 


100 


We are told that when Lees turns left 

(at position p) the distance to B (pB) is 
100 kilometres further than the distance 
to C (pC, let’s call it “L”). So pg = L. 


Looking at the diagram, by symmetry Cp and 
Cq are the same, so the distance Cqis also L, 
So pqC is an equilateral triangle. So the angle 
by which Lees turns left is 60 degrees. 


Our crosswords are 
now solvable online 
Available at 
newscientist.com/crosswords 


The back pages Feedback 


Give us aclue 


The devil's chessboard. The 
nonsense square. The nightmare 
grid. These are all names we just 
made up for that most reviled 
occupier of newsprint real estate: 
the cryptic crossword. 

Unlike a conventional crossword 
clue, which is child's play to parse 
even if the answer is elusive, the 
average cryptic clue sounds like 
the sort of mistranslated guide 
book phrase one cold war spy 
would whisper to another to verify 
their identity. 

You know the sort of thing. 
“Two ants at sea, swimming (6)” 
or “Strange sort of luaus the United 
Nations leads (7)". And those are just 
ones published by New Scientist. 

So it was a real surprise to 
find that the Australian branch of 
animal rights organisation PETA 
had come up witha cryptic 
crossword clue that not only 
made good logical sense, but was 
sufficiently timely to use as the 
headline for a recent blog post. 

The headline in question, sent 
to us by occasional New Scientist 
puzzle contributor David 
Bodycombe, was: “Coronavirus 
Outbreak Is Linked to Eating Animal 
Flesh”. The answer, should you wish 
to play along, is 11 letters long and 
printed at the bottom of the page, 
along with answers to the New 
Scientist clues. 


Child’s play 


It is usual for children to go to 
parties dressed as astronauts. It is 
less common for astronauts to go 
to space wearing children’s fancy- 
dress costumes. But that, at any 
rate, was what Iran’s minister for 
information, Mohammad-Javad 
AzariJahromi, appeared to suggest 
in a tweet last week. According to 
a story in The Times, AzariJahromi 
tweeted a picture ofa shiny 
spacesuit, embroidered with the 
Iranian flag, before the launch 
ofa satellite. 

All very patriotic and 
aspirational. The trouble 
was that the spacesuit bore a 
remarkable resemblance toa 


children’s costume available for 
£15 on Amazon. The giveaway? 
Two faint outlines on the front 
where NASA logos had been 
removed. The minister’s online 
credibility rapidly crashed. As, 
reportedly, did the satellite. 


Block party 


Feedback’s efforts to provide news 
you can use were buoyed this week 
by news from reader Colum Joyce. 
Based in Brussels, the capital of 
what he refers to as Brexit-Free 
Europe, he has been putting our 
weekly missives to good use. 
Inspired by a previous story 
about Simon Weckert, the German 
annoyance artist who shuts down 
roads by simulating traffic jams 
with the help of a wagonload of 
smartphones, Colum has sought 
to replicate his success. 

“| live on a ‘Rat Run’ street,” 
he says. “After reading about the 
trolley guy and his mobile phones 
we did a ‘Neighbourhood Jam” 
Colum’s neighbours contributed 
228 phones to the war on traffic, 
encouraging drivers to find 
alternative routes from 5 o'clock 
in the evening to near on midnight. 
Was the initiative a success? “We 
had a BBQ in the street,” says Colum. 
We'll take that as a yes, then. 


Sendhervictaurus 


British identity is a multi-faceted 
thing. The best thing about it is 
how many ways there are of 
expressing it. Being polite. Tutting 
loudly in a queue. Being a dinosaur. 

That last one may seem 
surprising but it comes endorsed 
by no less an authority than the 
Natural History Museum. Ina 
press release issued last week, 
the museum announced: “British 
dinosaurs to feature on UK money 
for the first time.” 

The three coins in question, 
50p pieces featuring Megalosaurus, 
Iguanodon and Hylaeosaurus, 
reflect the sort of diverse 
multispecies society that Britain 
has always been home to. Perhaps 
this is the glorious past that some 
of the Uk’s more reactionary 
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politicians are keen to embrace. 
And let’s be honest, the country 
could do worse. Those early 
inhabitants of the sceptred isle 
had nothing to fear from global 
pandemics, superintelligent Als, 
foreign hackers or wars. The worst 
that happened to them was that 
after a few million years the sky 
fell in. Given how things are going, 
residents might be inclined to take 
that offer themselves. 


The law has teeth 


Don't irritate a dentist. Anybody 
who has the opportunity to point 
a drill at your gums is a powerful 
enemy to make. Especially when 
they have the strong arm and upper 
incisors of the law on their side. 
According to the BBC, a court in 
Australia has ruled in favour of a 
dentist who asked Google to reveal 
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the name of an anonymous client 
who left a negative review. Matthew 
Kabbabe - who sadly breaks 
Feedback’s laws of nominative 
determinism by not being a 
skewered foodstuff - felt maligned 
by a user called CBsm 23 who urged 
future customers to stay away. 

Well, nobody else is going to be 
maligning the good dentist's name 
any time soon. Under the order, 
“Google will be required to pass to 
Kabbabe any personal details such 
as any names, phone numbers, 
location metadata and IP addresses 
linked to the account” that posted 
the review. 

Asensible ruling to prevent 
malicious attacks, or a chilling 
suppression of free speech? 
Feedback is unsure, but our mocking 
one-star reviews of New Scientist's 
cryptic crosswords need to come 
down fast. ! 


Got a story for Feedback? 

Send it to New Scientist, 25 Bedford Street, 
London WC2E gES or you can email us at 
feedback@newscientist.com 
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Room for improvement 


When giving negative feedback, 
is it better to start with the 
admonition and end witha 
compliment, or vice versa? 


Gillian Peall 

Macclesfield, Cheshire, UK 
Definitely give the compliment 
first. Knowing you have done 
something right may make the 
negative feedback more 
acceptable. Giving the bad news 
first can make the compliment 
seem patronising or 
condescending. 


Julia Barrett 

Oakhill, Somerset, UK 

When Iran my company, I used 
a technique called sandwich 
criticism. You start by 
commenting on something good 
about the person, then move 

to the negative and finish on 

a positive. Ifyou start witha 
negative, a person’s defences 

go up and they can hardly hear 
anything else you say. This is 
also true about the use of “but” 
or “however” as they are triggers 
for defensive behaviours. 

There are those who say that 
this method is rather stale and 
can sound contrived, but it is up 
to you to make sure that it isn’t. 


Ron Dippold 
San Diego, California, US 
It depends on the severity of the 
issue, and the sensitivity of the 
recipient. A repeat bad actor will 
grasp any compliment asa straw 
to continue their behaviour, so it 
may be counterproductive. 

For best results, the answer 
is to do both, also known as 
bookending. Offer a compliment, 
give the admonition, describe 
what bad effects it has for them 
and other people, then end with 
the positive benefits of fixing 
the issue. 


Robert Willis 

Nanaimo, British Columbia, 
Canada 

Various studies have found that 
employees want more feedback, 
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This week’s new questions 


Level crossing Ona hike, I walked across a narrow plank over 
astream without breaking step. I then instinctively felt that if 
there had been a 100-metre drop on either side, I would have 
wobbled badly. Why? Tom Allen, Beaconsfield, 


Buckinghamshire, UK 


Aural enhancement Do people with larger ears have better 
hearing? Russell Wells, Bunbury, Western Australia 


not less. A global survey by 
OfficeVibe in 2016 found that 
82 per cent of employees 
appreciate feedback, whether 
it is positive or negative. 
Standard advice used to be to 
“sandwich” negative feedback 
between positive comments. 
This has been shown to be less 
than effective: employees quickly 
recognise that the positives are 
only window dressing and so all 


comments are considered dubious 


and disingenuous. 

Tactful honesty is the best 
approach. Being direct and polite 
makes employees feel respected. 
Constructive criticism offers both 
a critique anda solution. Research 
shows that people don’t quit jobs, 
they quit managers. Learning 
appropriate people skills can goa 
long way. 


Tim Lewis 

Landshipping, 

Pembrokeshire, UK 

The classical sandwich of praise, 
criticism, praise often fails as the 
employees cotton on. Asking the 
employee if they are open to 


feedback and then asking them 
for comments on their own 
behaviour or performance, good 
or bad, is more productive. 


Terry Gillen 

Tring, Hertfordshire, UK 

Neither. The problem with 
mixing praise and criticism 

is that the feedback becomes 
“contaminated”, causing 
confusion. A more effective 
approach is to begin with an 
objective acknowledgement 

with which both parties can agree. 
Then state clearly the change you 
want, and finally provide a reason 
to make the change. 

As I said to my son once when 
he was very young and angry with 
me: “When you speak to me like 
that, I have difficulty listening to 
you. If you take a few deep breaths 
and say it again in your normal 
tone of voice, I promise I'll listen.” 


Would you walk across 
this plank if there was a 
100-metre drop? 


Simon Phillips 

London, UK 

I’ve spent countless hours in 
training sessions on giving 
feedback. One thing seems clear: 
the order in which you give 
feedback doesn’t really matter. 
What's important are your 
intentions and soft skills. 

Do you genuinely want to 
help the other person by kindly 
indicating where improvements 
could be made? 

Are you sensitive to the other 
person’s feelings? Can you see 
their point of view or sense when 
someone is becoming defensive? 
Ifthe conversational flow needs 
to change, do you have the words 
ready to effect that change? Can 
you be funny or engaging? Can 
you use eye contact and friendly 
body language to reassure? 

If you can master such skills, 
the order in which you deliver 
feedback becomes irrelevant. 


Pauline Grant, 
Business psychologist 
Beaconsfield, Buckinghamshire, UK 
Please consider carefully if 
feedback is needed at all. If 
someone has behaved in a way 
you judge to be substandard or 
inappropriate, check first how 
they view the situation. Ask 
questions — real, open questions — 
and listen to the answers. 

Mostly we know if we have 
made a mistake, and someone 
else pointing it out is at best 
unnecessary and at worst deeply 
patronising. Ifthey don’t know 
that they have made a mistake, 
it may be that a conversation is 
appropriate. The result will tell 
you if your feedback is likely to be 
helpful. Finally, being open and 
humble will always help with 
the outcome. f 


Want to send us a question or answer? 

Email us at lastword@newscientist.com 

Questions should be about everyday science phenomena 
Full terms and conditions at newscientist.com/lw-terms 
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The back pages Q&A 


Christopher Medina-Kirchner 
researches the effects of recreational 
drugs, but in a former life 

his relationship to drugs 

was very different 


So, what do you do? 

I study the effects of recreational drugs on 
humans. Our goal is to contribute to the limited 
empirical database on their effects. 


How did you end up working in this field? 

I went to prison as a teenager for selling MDMA 
[ecstasy]. After my sentence, I decided that I would 
redeem myself by studying the drug I sold. 


What are you working on right now? 

A study in which people were given up to three 
MDMA doses in 24 hours. We know that in the real 
world people tend to take multiple doses on this 
timescale. I’m happy to report that we observed no 
cardiotoxicity or other worrying findings. 


As achild, what did you want to be 
when you grew up? 
I wanted to be a professional boxer. 


Were you goodat science at school? 

If we are talking about high school then definitely 
not. I dropped out after three semesters. However, 
I did well on the science portion of the GED [the 
US high-school-level test for over 16s]. 


Did you have to overcome any particular 
challenges to get where you are today? 

My felony has made it very hard to find jobs and 
housing while pursuing higher education. 


How has your field of study changed in the 
time you have been working in it? 

In my view, a 2012 study led by Carl Hart changed 
the game. It showed that studies finding cognitive 
problems associated with methamphetamine use 
are beset by statistical errors and bias. It seems 
like scientists are more careful in how they talk 
about drugs now. 
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Is there a discovery or achievement you wish 
you'd made yourself? 

The “attractive alternative” studies, also led by 
Hart. They brought crack cocaine users into a 

lab and offered them $5 cash or a hit of pure, 
pharmaceutical-grade crack worth more than $5. 
Five dollars was enough to stop them taking the 
drug half of the time. When the reward was raised 
to $20, the participants barely took the offered 
drug. They almost always chose the money. 


What scientific development do you hope 
to see in your lifetime? 

A shift away from the brain disease model 

of addiction. There is virtually no scientific 
evidence to support this view. 


If you could send a message back to yourself 
as akid, what would you say? 

Go to school and do well. Otherwise you'll have 
to learn what you missed in your own time. 


What's the best piece of advice anyone 
ever gave you? 

I like Malcolm X's quote about not being in a hurry 
to condemn people because they don’t do or think 


as you do, because there was a time when you 
didn’t know what you know today. 
-_ 


Do you have an unexpected hobby, and if so, 
please will you tell us about it? 
Making random people smile. 


What's the best thing you've read or seen 
in the past 12 months? 

Siddhartha by Hermann Hesse. A great book 
about a man’s journey of self-discovery. 


How useful will your skills be after the 
apocalypse? 

We have never had a society that doesn’t 

use drugs and probably never will. After the 
apocalypse people will still use drugs. By 
informing people about the potential benefits and 
harms, my work can be used to keep people safe. 


OK one last thing: tell us something that will 
blow our minds... 

The vast majority of people who use drugs, even 
heroin, do not meet the criteria for a substance 
use disorder (addiction). 


Christopher Medina-Kirchner is a PhD student 

at Columbia University, New York, and co-founder 
of the student support programme FIRST (Formerly 
Incarcerated Reintegration Science Training) 

He tweets @chrismedinak 
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Explore dark & frozen 
matter: CERN & Mont Blanc 


Particle physicist Dr Darren Price and science journalist Laura Spinney will lead a fascinating 
and insightful tour focusing on CERN, home to the famous Large Hadron Collider, and Mont 
Blanc to investigate receding glaciers. Fall in love with the charming lakeside city of Geneva, 
famous for its watch-making, high quality chocolate and enchanting old town. 


Evening talks and walking seminars with The stunning botanical gardens 


Dr Darren Price and Laura Spinney Visit the beautiful small town of 
CERN guided tour to learn about the Chamonix and then on to Mer de Glace 
groundbreaking work being carried out to witness an ice cave carved into the 

) Walking tour of Geneva’s oldtown centre _ glacier itself 
and beautiful cruise on Lake Geneva Trip to Geneva’s Museum of the History 
Cable-car trip to the top of the Auguilledu _ of Science, which features astronomy, 
Midi overlooking Mont Blanc microscopy and meteorology exhibits 


No single supplements for the first two solo travellers on each departure. 
There are only 22 places available per tour, which are expected to fill up very quickly. 
Please enquire early to secure your place. 


To book call +44 207 593 2284 
(UK office: Mon-Fri gam to 6pm, Sat gam to 4pm GMT) 


Or email culturaltours@kirkerh 
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Departing: 


6 days for £2,699 (approx $3,429) 


In partnership with Kirker Holidays 
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